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ABSTRACT
AN ASSESSMENT OF THE CONTRIBUTIONS OF AFRIKANER,
SIMMENTALER AND HEREFORD IN COMPOSITE BREED
DEVELOPMENT IN BEEF CATTLE
SUPERVISOR
DEPARTMENT
FACULTY
UNIVERSITY
DEGREE
by
HEIDI SKRYPZECK
PROF. S.J. SCHOEMAN
ANIMAL SCIENCES
AGRICUL TURAL AND FORESTRY SCIENCES
STELLENBOSCH
MSc (AGRIC.)
The objective of this study was to obtain more information regarding the characterisation of
Afrikaner (A), Hereford (H) and Simmentaler (S) breeds in an initial crossbreeding programme and
subsequent composite development. This involves the estimation of breed additive effects, breed
maternal, individual heterotic effects and maternal heterotic effects in the initial crossbreeding
phase and the estimation of genetic parameters and prediction of breeding values in later
generations for birth weight (BW), weaning weight (WW) and cow efficiency (CE; WW/dam
weight" 75 x 100) in an intensive environment under high stocking rates.
In the analysis of the initial crossbreeding phase, the S breed direct effects, expressed as deviation
from the general mean, were positive (P :s; 0.01) for both BW and WW. Hereford and A breed direct
effects were negative (P :s; 0.01) for both BW and WW. Afrikaner direct maternal effects were
positive (P :s; 0.01) for both BW and WW. The H direct maternal effect was negative (P :s; 0.05) (-
2.8%) for WW. Simmentaler maternal effect was negative (P :s; 0.01) for BW but non-significant (P
;::::0.05) for WW. Individual heterotic effects for BW were significant (P:S; 0.01) in H x S (3.5%)
and S x A (11.0%) only. Individual heterotic effects were positive (P :s; 0.01) for WW, with that of
the H x A (9.8%) and S x A (6.7%) crosses exceeding the H x S (3.1%) cross. Maternal heterotic
effects were non-significant (P ;::::0.05) for both BW and WW.
Investigations of the contributions of the A, Hand S during composite development in later
generations, respectively, were made to estimate direct heritabilities (h2a) and maternal heritabilities
(h2m) for BW and WW of the calf and CE of the dam. Calves were born between 1968 and 1993 (n
= 52628). Calves of this composite population had varying levels of A, Hand S genes ranging from
o to 75%, 0 to 100% and 0 to 96.9%, with an average of 4.3,19.3 and 33.4%, respectively.
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For the A, direct heritabilities fitting unitrait models were 0.67, 0.53 and 0.19 for BW, WW and CE,
respectively, with corresponding estimates of h2mbeing 0.22, 0.36 and 0.58. Genetic correlations
between direct and maternal effects (ram)were negative for all three traits, varying from -0.32 to -
0.62. Direct breeding values for BW increased and reached a maximum value at 0.11 proportion of
A. The maternal breeding values for BW decreased linearly between 1.6 to 37.5% A proportion and
increased linearly between 37.5 to 75% A proportion. For WW, the direct breeding values
decreased linearly with increasing A proportion, while the maternal breeding values were not
affected by proportion of A. Cow efficiency was unaffected by an increase in proportion of A.
For the H, direct heritabilities fitting unitrait models were 0.67,0.52 and 0.21 for BW, WW and CE,
respectively, with corresponding estimates of h2mbeing 0.22, 0.36 and 0.60. Genetic correlations
between direct and maternal effects (ram)were negative for all three traits, varying from -0.32 to -
0.64. Direct breeding values and maternal breeding values for BW and WW decreased with
increasing proportion of H. Direct breeding value for CE increased, while the maternal breeding
value for CE reached minimum value at 0.62 proportion ofH.
For the S, direct heritabilities fitting unitrait models were 0.66, 0.53 and 0.21 for BW, WW and CE,
respectively, with corresponding estimates of h2m being 0.22, 0.36 and 0.59. Genetic correlations
between direct and maternal effects (ram)were negative for all three traits, varying from -0.32 to -
0.63. Direct breeding values for BW and WW decreased and maternal breeding values increased
with increasing proportion of S. Cow efficiency was unaffected by an increase in proportion of S.
The study suggests that in the initial crossbreeding phase, purebred S breeding seems to be the best
breeding practice for this environment and that during composite development, high A and H
contributions could lead to low BW and WW (except the maternal contribution of the A for BW
and WW). The advantage of the S lies more in the maternal contribution than in the direct
contribution suggesting that the S is a large-framed maternal line rather than a terminal sire line.
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OPSOMMING
'N WAARDEBEP ALING VAN DIE BYDRAE VAN DIE AFRIKANER,
SIMMENTALER EN HEREFORD TYDENS KOMPOSIETE RAS-
ONTWIKKELING BY VLEISBEESTE
deur
STUDIELEIER
DEPARTEMENT
FAKULTEIT
UNIVERSITEIT
GRAAD
HEIDI SKRYPZECK
PROF. S.J. SCHOEMAN
VEEKUNDIGE WETENSKAPPE
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STELLENBOSCH
MSc (AGRIC.)
Die doel van die studie was om inligting aangaande die karakterisering van die Afrikaner (A),
Hereford (H) en Simmentaler (S) rasse tydens die oorspronklike aanvangsfase van kruisteling en
daaropvolgende komposiet ontwikkeling te verkry. Dit het die beraming van direkte additiewe,
individuele heterose, direkte materne en materne heterotiese effekte tydens die aanvangsfase van
die kruisteeltprogram, die beraming van genetiese parameters en die voorspelling van die
teeltwaardes in latere generasies behels. Die eienskappe wat ingesluit is, is geboortegewig (BW),
speengewig (WW) en koeidoeltreffendheid (CE; WW/koeigewigo.75). Hierdie kudde is in 'n
intensiewe maar onder 'n hoë weidingsdruk omgewing aangehou.
Tydens die ontleding van die eerste kruisteeltfase is die direkte additiewe effekte vir die S,
uitgedruk as afwyking van die algemene gemiddelde, vir beide BW en WW positief (P ~ 0.01).
Direkte additiewe effekte vir die H en A was vir beide BW en WW negatief (P ~ 0.01). Afrikaner
materne effekte was vir beide BW en WW (P ~ 0.01) positief. Die H direkte materne effekte was
negatief (-2.8%) (P ~ 0.05) vir WW. Simmentaler maternal effekte was ook vir BW negatief (P
~ 0.01), maar nie-betekenisvol (P 20.05) vir WW. Individuele heterose was slegs betekenisvol (P
~ 0.01) vir kombinasies van H x S (3.5%) en S x H (11.0%) vir BW. Individuele heterose was
positief (P ~ 0.01) vir WW waar H x A (9.8%) en S x A (6.7%) kruisings dié van die H x S (3.1%)
kruising oortrefhet. Materne heterose was vir beide BW en WW nie-betekenisvol (P 2 0.05).
Die relatiewe bydraes van die A, H en S is ook tydens komposiet-ontwikkeling bereken. Direkte
additiewe oorerflikhede (h2 a) en materne oorerflikhede (h2m) is vir BW en WW van die kalf en CE
van die koei beraam. Kalwers in die komposiet kudde, gebore tussen 1968 en 1993 (n = 52628), het
variërende vlakke van A, H en S gene. Die samestelling het gevarieer van 0 - 75%, 0 - 100% en 0 -
96.9%, met 'n gemiddeld van 4.3, 19.3 en 33.4%.
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Vir die A was die direkte erfbaarhede (h2a), soos deur die passing van 'n enkeleienskapmodel
beraam, 0.67, 0.53 en 0.19 vir onderskeidelik BW, WW en CE, met ooreenstemmende beramings
van 0.22, 0.36 en 0.58 vir h2 rn- Genetiese korrelasies tussen direkte en mateme effekte (ram)was
almal negatief en het tussen -0.32 en -0.62 gewissel. Direkte teelwaardes vir BW het met
toenemende A-bydrae gestyg en het 'n maksimum waarde by 0.11 bereik. Die mateme teelwaardes
vir BW het lineêr gedaal tussen 1.6 en 37.5% A-bydrae en het weer lineêr tussen 37.5 en 75% A-
bydrae gestyg. Vir WW het die direkte teelwaardes lineêr met toenemende A-bydrae gestyg, terwyl
die mateme teelwaardes nie deur A-bydrae beïnvloed was nie. Koeidoeltreffendheid was nie deur 'n
toename in A-bydrae beïnvloed nie.
Vir die H was die direkte erfbaarhede (h2a), soos deur die passing van 'n enkeleienskapmodel
beraam 0.67, 0.52 en 0.21 vir onderskeidelik BW, WW en CE, met ooreenstemmende beramings
van 0.22, 0.36 en 0.60 vir h2 rn- Genetiese korrelasies tussen direkte en mateme effekte (ram)was
almal negatief en het tussen -0.32 en -0.64 gewissel. Direkte teelwaardes en mateme teelwaardes vir
BW en WW het met toenemende H-bydrae gedaal. Direkte teelwaarde vir CE het ook met
toenemende If-bydrae gedaal, terwyl die mateme teelwaarde 'n minimum waarde by 0.62 H-bydrae
bereik het.
Vir die S was die direkte erfbaarhede (h2a), soos deur die passing van 'n enkeleienskapmodel
beraam 0.66, 0.53 en 0.21 vir onderskeidelik BW, WW en CE, met ooreenstemmende beramings
van 0.22, 0.36 en 0.59 vir h2 m- Genetiese korrelasies tussen direkte en mateme effekte (ram)was
almal negatief en het tussen -0.32 en -0.63 gewissel. Direkte teelwaardes vir BW en WW het
gedaal, terwyl die mateme teelwaardes met toenemende S-bydrae gestyg het. Koeidoeltreffendheid
was nie deur 'n toename in S-bydrae beïnvloed nie.
Die bevinding was dat tydens die ontleding van die eerste kruisteeltfase die teling van suiwer S
aanbeveel word en dat tydens komposiete-ontwikkeling toenemende A- en H-bydraes neig om
aanleiding te gee tot afnames in BW en WW (behalwe die mateme bydrae van die A vir BW en
WW). Die S-bydrae se voordeel is meer in die mateme bydrae as in die direkte bydrae geleë en dui
dus aan dat die S as 'n mateme grootraam lyn i.p.v. as 'n terminale bullyn gebruik moet word.
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CHAPTER I
GENERAL INTRODUCTION
Crossbreeding in beef cattle is a widely accepted standard production practice in many countries of
the world. Surveys showed that crossbreeding influenced about 80%, 90% and 65% of the cattle
marketed in the USA, Canada and Australia, respectively. About 60% of the cattle sold to feedlots
in South Africa are crossbred types (Schoeman, 1998). However, it was also proved in surveys by
Sundstrom et al. (1994) that by far the minority of those crossbreeding operations were regarded as
well planned and effective. They varied between only 15 and 45%. Although little information is
available, it is suggested that almost the same situation prevails in South Africa.
According to Kinghorn & Simm (1999) the main reasons for crossbreeding are:
• Complementarity. This refers to the advantage of a crossbred over another crossbred or a
purebred resulting from the manner in which two or more traits combine or complement each other,
expressing the nett merit of the animal (Cartwright, 1970; Schoeman, 1999). In practice,
complementarity is often used in combining growth potential of rapidly growing breeds with
adaptive characteristics of another breed. The large number of composite breeds, e.g. Braford,
Bonsmara, Santa Gertrudis, is the result of exploiting complementarity in practice.
Complementarity gives rise to:
The averaging of breed effects. For example, to get an animal of intermediate size to fit a
particular pasture cycle or market demand. This may involve either regular systems of crossing
(rotational, terminal or rotational-terminal crossing systems) or the creation of composite
breeds (e.g. Cundiff et al., 1986).
Sire-dam complementation. Breed differences in direct and maternal effects may be turned into
a complementary advantage using an appropriate cross. In optimising this advantage, breeds
should be characterised as either sire or dam line. This indicates a need for the characterisation
of additive and maternal effects for a variety of economically important traits. Breed
characterisation is important to prevent inappropriate breed combinations during crossbreeding
or composite breed creation which could lead to disastrous consequences, e.g. heavy birth
weights are associated with dystocia, calf losses, cow losses, reduced calf performance and
subsequent reduced cow fertility (Cundiff et al., 1986). An appropriate crossbreeding system
aims to use breeding cows that are of small or intermediate mature size (but not so small that
dystocia is a problem) as well as fertile. When a large terminal-sire breed is used, the
proportion of feed directed to growing animals is increased and the production system benefits
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2accordingly.
• Heterosis. Heterosis can be defined as the amount by which the F I population (crossbreds) mean
exceeds the mean mid-parent value. The percentage increase in performance due to heterosis ranges
form about 0 to 10% for growth traits and 5 to 25% for fertility traits. The effects of heterosis on the
total production system can be even more than this, as effects accumulate over composite traits (e.g.
Koger et al., 1975; Gregory & Cundiff, 1980; Cundiff et al., 1986). There are three types of
heterosis (Schoeman, 1999), viz.:
Individual heterosis which is the improvement in performance in an individual animal relative
to the mean mid-parent value that is not attributed to either maternal or paternal effects.
Maternal heterosis which refers to the heterosis attributable to the use of crossbred dams
instead of purebred dams, or those effects in calf performance due to the influence of the
crossbred dam; thus increased milk production, improved prenatal environment and fertility
provided by the crossbred dam.
Paternal heterosis which refers to the improvement of performance in the progeny when a
crossbred sire was used.
• A cheap source of breeding animals. This is evident in some crossbreeding systems- e.g. in the
British and Irish beef industries, where many suckler cows have come form matings between beef
bulls and dairy cows.
The wide variety of beef cattle types (approximately 30) in South Africa suggests the possibility of
creating certain breed combinations that can increase production. Large differences among breed
types also exist for a variety of traits, e.g. growth rate, size, fertility, maternal traits including milk
production, carcass and meat traits (Gregory et al., 1994; Schoeman, 1996). Cartwright (1970)
reported that more rapid improvement could be achieved through selection between breeds and
subsequent crossbreeding than by selection within breeds. It therefore suggests that breed
characterisation is essential for effective selection among breeds for use either in programs for
purebred breeding or crossbreeding (to use heterosis and complementarity) or composite breed
development (to achieve and maintain the most optimum breed composition and to use heterosis)
(Gregory et al., 1985). There are basically two methods of characterisation of breeds. One is by
directly comparing several breeds under the same but varying environmental conditions (Hetzel,
1988; Schoeman, 1989; 1996). However, this is not always possible and very costly. The second
one is through crossbreeding and the estimation of crossbreeding parameters (breed additive effects,
breed maternal, individual heterotic effects and maternal heterotic effects) under different
environmental conditions (Alenda et al., 1980; Dillard et al., 1980; Robison et al., 1981; Schoeman
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3et al., 1993; Arthur et al., 1999). By doing this, breeds can also be characterised as sire or dam lines
for specific environments. Consequently, accurate estimation of parameters influencing
economically important traits in a variety of environmental conditions is needed to set up
crossbreeding systems aimed at maximising weaner output since breed additive effects, breed
maternal, individual heterotic effects and maternal heterotic effects vary with the environmental
level (Barlow, 1981). A re-ranking of crossbred types was also obtained by Arthur et al. (1999)
from one environment to another for several traits, indicating a significant crossbred group x
heterosis interaction. Thus, an appropriate crossbreeding system with a particular combination of
breeds in one environment may not be the appropriate system in another environment.
The objective of this study therefore was to obtain more information regarding the characterisation
of Afrikaner, Hereford and Simmentaler breeds in an initial crossbreeding programme and
subsequent composite development. This involves the estimation of breed additive effects, breed
maternal, individual heterotic effects and maternal heterotic effects in the initial crossbreeding phase
and the estimation of genetic parameters and prediction of breeding values in later generations for
birth weight (BW), weaning weight (WW) and cow efficiency (CE; WW/dam weight''Px 100) in an
intensive environment under high stocking rates. The Simmentaler followed by the Hereford made
the greatest contribution to the creation of this composite population. Afrikaner heifers are in great
demand for crossbreeding purposes in South Africa. Indirectly, it also played an important role
through its contribution as a foundation breed in the development of the Bonsmara, a composite
beef breed.
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4CHAPTER2
ESTIMATES OF CROSSBREEDING PARAMETERS
2.1 Introduction
Increasing efficiency of production in weaner production systems is of vital importance since the
dam consumes approximately 94% of the total digestible nutrients of the dam/calf unit until
weaning. Even if the calf is marketed after feedlot finishing, the dam still consumes up to 72% of
the TDN of the dam/calf unit (Van der Westhuizen & Matjuda, 1999).
Crossbreeding can be used in cattle production to generate heterosis and to use differences among
breeds to optimise average genetic merit of performance traits for adaptability to the various
climatic and nutritive environments encountered in beef production (Gregory & Cundiff, 1980;
Koch et al., 1985). Since mating systems used in farm animals may change according to the
importance of the kinds of gene action (additive or non-additive) affecting the economical traits,
genetic manipulation would be more precise if the proportion of the genetic variance that is
attributable to additive and non-additive gene action were known. In addition, knowledge of the
maternal contribution to the performance of the offspring is also necessary in planning a sound
crossbreeding programme (Dillard et al., 1980). The cumulative advantage of employing these
effects efficiently can be substantial when crossing genetically diverse breeds. Studies from
Gregory & Cundiff (1980) showed that the cumulative effects of heterosis on traits that contribute
to weight of calf weaned per cow exposed to breeding were 23.3% for crosses among breeds of Bas
taurus cattle and 50% or more for crosses between Bas taurus and Bas indicus breeds of cattle.
Results also showed that 60% or more of the observed cumulative heterosis was the result of
heterosis effects on maternal characteristics.
Birth weight and weaning weight are two important traits especially in weaner production systems.
Accurate estimation of parameters influencing these traits in a variety of environmental conditions
is needed to set up crossbreeding systems aimed at maximising weaner output since breed additive
effects, breed maternal effects, individual heterotic effects and maternal heterotic effects vary with
the environmental level (Barlow, 1981), suggesting crossbreeding effect x environment
interactions. Generally, the level of heterosis is higher under poor environmental conditions than
under good environmental conditions, making crossbreeding the obvious breeding practice under
unfavourable conditions. Consequently, the relative importance of these effects should be assessed
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5in a variety of environments. The objective of this study was to determine the contributions of
breed additive effects, breed maternal effects, individual heterotic effects and maternal heterotic
effects on birth weight (BW) and weaning weight (WW) of the Afrikaner, Hereford and
Simmentaler breeds in an intensive environment under high stocking rates.
2.2 Material and Methods
2.2.1 Data
Data was derived from the farms of the Johannesburg Metropolitan Council which are situated in
the Gauteng Province of South Africa. The Johannesburg Municipal beef cattle operation consists
of two farms; namely the Northern Farm and the Olifantsvlei farm. These farms form part of the
waste water management scheme of the Greater Johannesburg Metropolitan Council. The beef herd
is raised on a limited pasture intake system using irrigated annual and perennial rye grass (Lolium
spp) pastures supplemented with Eragrostis curvula hay, maize meal, mavovo (distillers grain) and
silages (maize, sorghum and grass) when necessary. Management, replacement and selection
procedures of the herd were described in more detail by Paterson (1978, 1981), Paterson et al.
(1980) and MacGregor (1997).
After editing, the data consisted of 5923 BW and WW records collected from 1968 to 1982. The
three breeds of cattle namely Afrikaner (A), Hereford (H) and Simmentaler (S) were mated to
produce 25 different breed groups of calves - two purebred and 23 crossbred groups (Table 2.1).
Hereford and Simmentaler sires were initially mated to Afrikaner dams, Simmentaler sires were
mated to Hereford dams and Hereford sires were mated to Simmentaler dams to produce the F 1
calves. Calves of S x (1/8H 7/8S), S x (1I16A 1I16H 7/8S) and S x (1I8A 7/8S) crosses (i.e. 93%
Simmentaler) were considered as purebred Simmentalers (S x S). Likewise, a few calves of H x
(1I8A 7/8H), H x (1/16A 1I16S 7/8H) and H x (1/8S 7/8H) crosses (i.e. 93% Hereford) were
considered as purebred Herefords (H x H) and were pooled with the purebred Herefords. Afrikaner
purebred matings were not carried out and such data was therefore not available in this study.
Twenty nine Hereford sires were used with an average of 66 progeny per sire, that varied from two
to 253. Eighteen Simmentaler sires were used with an average of 239 progeny per sire that varied
from three to 620. The number of dams used was 2348 with an average of 6 calves per dam that
varied from 1 to 11 calves. The number of calves born in each year for each breed group is
presented in Table 2.1.
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6During editing, records of calves without birth dates or birth or weaning weights were omitted as
well as those born "out of season" and with unidentified parents. Dam ages ranged from 2 to 16
years. Data from both farms was already pre-adjusted for dam age and weaning age of the calf.
Therefore, dam age and weaning age of the calf were not included in both the initial and
operational models. Fixed effects included in the models and means for BW and WW are presented
in Table 2.2.
All matings were planned and artificial insemination (using the same sires across the two farms)
was used throughout the cattle herd. Heifer calves were inseminated to calve for the first time at
approximately two years of age. The majority of calves were born in winter (June to September),
while the rest were born during December through March. Season of birth was thus recorded as
either "summer born" or "winter born". Calves were weighed after birth and at weaning at
approximately 210 days of age.
2.2.2 Statistical analysis
The General Linear Models procedure (SAS, 1993) was used in an initial analysis of the data. All
main effects and all possible first-order interactions were included in the initial models. These
models were then fitted according to a step-down procedure in which main effects and first-order
interactions not making a significant (P :$; .05) contribution to the total variance were omitted in
subsequent analyses. Farm and first-order interactions between year x farm and year x genotype
were either non-significant or made a minor contribution to the total variance and were thus not
included in the final model.
The final reduced model for estimating least-squares means (LS Means) with standard errors for
BW and WW, respectively, was:
where f..l = least-squares means
Ti = the effect owing to year (15 levels)
Cj= effect owing to breed group (25 levels)
S,= effect owing to the sex of the calf (2 levels)
DJ= effect of season of birth within year (2 levels)
eijkl= random error.
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7The LS Means and standard errors obtained from the SAS (1993) analysis were subsequently used
to estimate the crossbreeding effects, using the CBE3 package of Wolf (1996) and fitting
Kinghorn's Model 7 (Kinghorn, 1987; Wolf et al., 1995), for BW and WW, respectively. This
model provides a large variety of options to choose from in estimating crossbreeding effects. The
following individual genetic crossbreeding effects were chosen: additive effects, dominance effects,
additive maternal effects and maternal dominance effects. The model was:
i<j jei i<j i<j
L (s,e, + OijOjk + OikOjk) ] } e
i<j<k
G predicted value of the genetic group G under consideration
general mean
proportion of genes from the ith and jth source population in the given genetic
m
a·a·I, )
group
additive effect of the ith source population
probability that at a randomly chosen locus of a randomly chosen individual of
the given genetic group, one allele is from the ith and the other allele from the i"
source population, one allele is from the ith and the other allele from the k" source
population, one allele is from the jth and the other allele from the k" source
population
Oii = probability that at a randomly chosen locus of a randomly chosen individual of
0..Ok O'kIJ. I. )
the given genetic group both alleles are from the same source population
d;j = dominance effect of the combination of the ith and fh source populations
e = epistatic effect (not estimated in this study).
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8Table 2.1. Number of calves born by year for each breed group
Breed group1 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 Total
Pure breeds
HxH 19 17 43 53 45 38 60 52 37 29 17 24 31 11 2 478
8x8 1 3 4 2 7 10 5 32
E1
8xA 86 60 44 34 31 32 13 300
8xH 125 119 72 50 40 38 2 1 3 450
HxA 22 1 15 11 3 8 3 63
Hx8 2 2 2 3 14 1 9 33
Two-breed backerosses
H x (1/2A 1/2H) 186 21 23 16 10 16 14 8 3 3 300
H x (1/2H 1/28) 1 2 9 12 17 22 12 14 14 12 8 7 6 5 141
8 x (1/2A 1/28) 1 15 33 15 19 24 14 11 7 7 3 1 150
8 x (1/2H 1/28) 1 3 14 46 24 42 29 22 18 10 5 3 3 1 221
H x (1/4A 3/4H) 1 3 1 3 10 9 11 5 4 5 3 1 56
H x (1/48 3/4H) 2 4 5 4 5 5 1 26
8 x (1/4A 3/48) 2 2 4 4 6 3 3 5 2 31
8 x (1/4H 3/48) 2 5 3 6 9 15 12 11 8 4 75
H x (1/4H 3/48) 5 6 11 8 6 4 4 5 3 1 53
Three-breed crosses
H x (1/2A 1/28) 4 6 23 12 14 20 4 5 3 1 3 95
8 x (1/2A 1/2H) 311 297 308 223 203 156 91 52 30 16 12 2 1 1702
H x (1/4A 3/48) 2 2 2 5 4 3 5 8 2 33
8 x (1/4A 3/4H) 1 24 15 15 2 2 2 1 1 1 64
8 x (1/4A 1/2H 1/48) 4 2 4 2 3 2 1 1 2 21
8 x (1/4A 1/4H 1/28) 25 86 65 103 116 124 130 112 41 36 28 16 882
8 x (1/8A 1/8H 3/48) 3 7 10 23 31 21 24 14 11 144
H x (1/8A 5/8H 1/48) 4 1 2 9 7 9 16 7 4 1 60
H x (1/8A 1/8H 3/48) 1 15 8 20 21 24 21 38 47 15 11 221
H x (1/4A 1/4H 1/28) 35 21 29 76 27 49 15 16 9 11 3 1 292
755 527 628 628 521 625 439 414 363 318 183 215 200 81 26 5923
. .
'Breed of sire IS Identified by first symbol In crosses .
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92.3 Results and Discussion
2.3.1 Breed group differences
The analysis of variance for the two traits using the first model is presented in Table 2.2. All effects
in the model were significant sources of variation. BW and WW were, respectively, 2.5 kg and 14.4
kg higher for bull calves than for heifer calves. Sex differences reported by Marlowe & Gaines
(1958), Ellis et al. (1965), Cundiff et al. (1966), Brinks et al. (1972), Smith et al. (1976), Dillard et
al. (1980) and Van Zyl et al. (1992) are in general agreement with these results. Breed group
effects were also significant (P ~ 0.001) for both traits considered, accounting for 5.7 and 4.8% of
the variation in BW and WW, respectively. Analysing data from a different crossbreeding project
also involving Afrikaner, Simmentaler and Hereford breeds, Schoeman et al. (1993) found that
breed group effects accounted for 17.3 and 39.9% of the variation in BW and WW which are
considerably higher than in this study. This difference may be environmentally related.
Table 2.2. F values, error mean squares and test of significance of variances for BW and WW
Traits (kg)
Source BW WW
Years 33.3*** 53.0***
Breed group 17.9*** 17.2***
Sex 384.5*** 353.8***
Season of birth 14.9*** 89.9***
Error mean square 23.7 864.1
Mean±SD 34.7 ± 4.86 191.6 ± 29.39
R 2 model (%) 21.9 31.4
***P ~ 0.001
The R2 (coefficient of determination) accounted by the model for BW and WW were 21.9 and
31.4%, respectively. In another study Schoeman et al. (1993) reported R2 values of32.5 and 64.1%
for BW and WW, respectively, for the models fitted by these authors. This indicates that a large
amount of variation was not accounted for in the models fitted in the present study. This may be
due to unidentified sources of variation resulting from management practices and between-year
consistency in feed availability owing to the irrigated pastures.
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LS Means for the breed and crossbred groups are presented in Table 2.3. It should be noted that
"dummy LS Means" were allocated to two breed groups. Without these "dummy LS Means" some
crossbreeding effects could not have been estimated. These LS Means for BW and WW were
calculated as follows: The purebred breed group of Afrikaner was adjusted proportionally from the
Hereford and Simmentaler LS Means with values which were obtained from the National Beef
Cattle Performance and Progeny Testing Scheme (Schoeman, 1996) since there was no information
on Afrikaner x Afrikaner matings available. No data on matings between Afrikaner sires and other
types of crosses were available either, therefore, the LS Means of Ax (l12H 1/2A) for BW and
WW were calculated from the mid-parent value adding 8% (assumed) heterosis (Long, 1980).
BW was heavier in the Ft (34.4 kg) than in the other mating types. Likewise, BW of the Ft was
heavier in the Mara crossbreeding project (Schoeman et al., 1993) than the other mating types. The
three-breed cross (186.6 kg) performed the best of all mating types and exceeded the purebred
means (177 kg) by 5.4% for WW, except the purebred Simmentaler which had the highest WW
(205.4 kg) and exceeded the three-breed cross mean by 10.1% for WW. The means of Ft and two-
breed backerosses for WW were 185.9 and 185.7, respectively.
Differences in breed additive, maternal additive, individual heterotic and maternal heterotic effects
are the most important reasons for differences in perforniances among breed groups (Dillard et al.,
1980). The crossbreeding components, obtained from the second model, are presented in Table 2.4.
2.3.2 Breed direct effects
2.3.2.1 Birth weight
The direct additive contributions for BW were positive for Simmentaler (10.9%) and negative for
both the Hereford (2.9%) and the Afrikaner (8.0%). These values were all significant (P ~ 0.01) and
the Hereford direct additive effects exceeded those of the Afrikaner. Chapters 3, 4 and 5 illustrated
that the direct breeding values for BW declined with an increase in Afrikaner, Hereford and
Simmentaler proportion, respectively. Investigations of Cunningham & Magee (1988) showed that
the direct additive effect for BW was negative (-0.04 kg) for the Simmentaler, compared to the
Hereford breed. Schoeman et al. (1993) also obtained a positive direct additive effect (0.74 kg) for
the Hereford, compared to the Afrikaner breed.
Simmentalers produced heavier calves than Herefords and Herefords produced heavier calves than
Afrikaners. These results are in accordance with those of Burns et al. (1988), Schoeman et al.
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Table 2.3. Observed LS Means ( ± SE) and predicted LS Means of BW and WW for breed groups
Observed Predicted
Traits (kg) Traits (kg)
Breed group' BW WW BW WW
Pure breeds 31.6* 177.0* 32.0* 174.9*
HxH 31.9 ± 0.51 170.3 ± 3.06 31.8 169.1
AxN 29.3 ± 0.75 155.2 ± 4.51 29.3 155.2
SxS 33.7 ± 0.99 205.4 ± 5.96 34.5 200.3
ti 34.4* 185.9* 34.2* 188.1 *
SxA 35.7 ± 0.54 192.2 ± 3.28 35.6 191.1
SxH 35.8 ± 0.51 191.7 ± 3.09 35.2 188.6
HxA 32.4 ± 0.71 178.3 ± 4.66 32.6 180.4
HxS 33.7 ± 1.00 181.4 ± 6.04 33.4 192.2
Two-breed backerosses 30.6* 185.7* 33.4* 185.0*
H x (1I2A 1/2H) 32.8 ± 0.55 180.2 ± 3.35 32.2 175.8
H x (1I2H 1/2S) 33.6 ± 0.61 185.8 ± 3.70 33.3 182.2
S x (1I2A 1/2S) 35.2 ± 0.61 194.3 ± 3.67 34.8 193.4
S x (I/2H 1/2S) 35.7 ± 0.56 195.5 ± 3.41 35.6 196.0
A x (I/2H 1/2A)2 29.9 ± 0.60 171.6 ± 3.53 29.9 171.6
H x (I/4A 3/4H) 31.6 ± 0.80 166.3 ± 4.81 32.0 172.5
H x (1I4S 3/4H) 32.6 ± 1.07 173.1 ± 6.44 32.6 175.7
S x (1/4A 3/4S) 34.2 ± 0.99 194.3 ± 5.97 34.7 196.9
S x (1/4H 3/4S) 35.8 ± 0.73 199.9 ± 4.41 35.1 198.1
H x (1I4H 3/4S) 33.7 ± 0.97 196.1 ± 4.89 33.4 187.2
Three-breed crosses 34.0* 186.6* 34.1 * 188.7*
H x (1/2A 1/2S) 32.8 ± 0.55 185.9 ± 4.10 32.8 184.1
S x (1/2A 1/2H) 35.5 ± 0.48 191.6 ± 2.88 35.3 190.9
H x (1I4A 3/4S) 33.1±0.81 191.2 ± 5.83 33.1 188.1
S x (1I4A 3/4H) 33.1 ± 0.77 181.3 ± 4.63 35.3 189.7
S x (1I4A 1/2H 1/4S) 34.9 ± 1.16 189.2 ± 7.00 35.5 193.4
S x (1I4A 1/4H 1/2S) 35.1 ± 0.49 194.2 ± 2.94 35.2 194.7
S x (1I8A 1/8H 3/4S) 34.6 ± 0.62 195.4 ± 3.74 34.9 197.5
H x (1I8A 5/8H 1/4S) 31.8 ± 0.78 168.7 ± 4.74 32.7 177.3
H x (1I8A 1/8H 3/4S) 33.3 ± 0.57 187.4 ± 3.42 33.2 187.8
H x (1/4A 1/4H 1/2S) 32.6 ± 0.54 181.0 ± 3.26 33.0 183.1
'Breed of sire is identified by first symbol in crosses. "Mean values
"Dummy" breed groups.
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(1993) and Schoeman (1996).
2.3.2.2 Weaning weight
The direct additive contributions for WW were positive for Simmentaler (12.2%) and negative for
both the Hereford (3.9%) and the Afrikaner (8.3%). These values were all significant (P ::;0.01) and
the Hereford direct additive effects exceeded those of the Afrikaner. The high direct additive effects
of the Simmentaler indicate that using this breed as one parent in a crossbreeding system involving
Hereford and Afrikaner will increase both BW and WW.
In the investigation carried out by Schoeman et al. (1993) at the Mara Research Station, the
Hereford's additive contribution was small positive (4.1%) and that of the Simmentaler large
positive (21.9%) when compared to the Afrikaner. MacNeil et al. (1982) obtained negative
estimates of direct breed effects for Hereford (-19.0 kg) and Angus (-12.2 kg), but positive
estimates for Charolais (12.4 kg) and Simmentaler (14.6 kg). Calves of Simmentalers were heavier
at weaning than calves of Herefords while Herefords produced heavier calves than Afrikaners in
this study. These results are in accordance with those of Cunningham & Magee (1988), Schoeman
(1989, 1996) and Schoeman et al. (1993). The direct breeding values for WW in Chapters 3, 4 and
5 showed a linear decline with an increase in Afrikaner, Hereford and Simmentaler proportion,
respectively. Average weaning weights of Hereford and Simmentaler cattle taking part in the
National Beef Cattle Performance Testing Scheme (Schoeman, 1996) were 24.7 kg (or 14.5%) and
30.6 kg (or 14.9%) heavier, respectively, than the observed LS Means of the purebred Hereford and
Simmentaler in this herd, possibly indicating a relative unfavourable environment in which the herd
is managed. In the Vaalhartz crossbreeding project (Els, 1988) it was also shown that the average
WW of Simmentaler and Hereford were 15 kg (or 7.3%) and 30 kg (or 17.6%) heavier,
respectively, than in this herd. Likewise, mean WW of both Simmentaler and Hereford were on
average 36.5 kg (or 17.8%) and 34.6 kg (or 20.3%) heavier, respectively, in the Mara crossbreeding
project (Schoeman et al., 1993), also supporting this conclusion. The relatively intensive
unfavourable environment may be due to high stocking rates in the herd, thus leading to
overgrazing and limited feed availability.
2.3.3 Breed maternal effects
The breed maternal effects are the environmental influences the dam has on her offspring's
performance, but it depends on the genotype of the dam and its associated environmental effects
(Koch, 1972; Baker, 1980; Schoeman et al., 1993). It therefore quantifies the maternal ability of the
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dam, which is for WW, mostly a reflection of the dam's milk production. Direct maternal effects
were significant in 4 of the 6 estimates obtained (Table 2.4).
2.3.3.1 Birth weight
For BW, the breed maternal effect was positive (8.3%) and significant (P ~ 0.01) for the Afrikaner,
but negative (7.2%) and significant (P ~ 0.01) for the Simmentaler. Calving difficulties when
crossbreeding with Simmentaler is therefore most likely the result of the positive direct effect on
BW.
The high positive Afrikaner maternal direct effect contradicts reports that seem to indicate that
Sanga and Zebu type dams restrict the BW of their calves (Roberson et al., 1986; Comerford et al.,
1987; Tawonezvi et al., 1988; Scholtz et al., 1990; Van Zyl et al., 1992; Franke, 1994), even when
mated to late maturing Bos taurus sires with a positive additive effect on BW (Alenda et al., 1980)
by way of a large negative maternal effect (Roberson et al., 1986).
The direct maternal effect for the Hereford was positive in some investigations (Alenda et al.,
1980; Dillard et al., 1980; Cunningham & Magee, 1988; Schoeman et al., 1993; Arthur et al.,
1994; Franke, 1994), while it was negative in others (Gregory et al., 1978), depending on the
breeds it was compared to. The maternal breeding values for BW declined linearly with an increase
in Hereford proportion (Chapter 4) and increased linearly with an increase in Simmentaler
proportion (Chapter 5) in later generations of the same population. Schoeman et al. (1993) also
obtained a negative direct maternal effect for the Simmentaler while Cunningham & Magee (1988)
obtained positive direct maternal effects for the Simmentaler.
2.3.3.2 Weaning weight
For WW, the direct maternal effect was negative (2.8%) and significant (P ~ 0.05) for the Hereford,
and positive (4.7%) and significant (P ~ 0.01) for the Afrikaner. The direct maternal effect for the
Simmentaler was non-significant (P ~ 0.05).
The direct maternal effect for the Hereford was positive in some investigations (Dillard et al., 1980;
Koch et al., 1985; Cunningham & Magee, 1988; Arthur et al., 1994), while it was negative in
others (Gregory et al., 1978; Alenda et al., 1980; Schoeman et al., 1993; Franke, 1994), depending
on the breeds it was compared with. In Chapter 4 the maternal breeding value decreased linearly
with an increase in proportion of Hereford. It is also known that the Hereford is a low milk
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producing breed (Jenkins & Ferrell, 1992). Meyer (1992a) and Schoeman et al. (1993) associated
the low WW in Hereford dams to the low milk production of the Hereford dam. Other
investigations (Van Zyl, 1990; Schoeman et al., 1993) also suggested that Afrikaner dams were
superior in terms of milk production to Hereford dams. The maternal breeding value for the
Afrikaner on WW in Chapter 3, on a subset of the same dataset, was not influenced by proportion
of Afrikaner. Bonsma (1949) reported that where climatic conditions have a restrictive effect upon
milk production, the Afrikaner produces more milk than Bas taurus breeds.
Contrary to the results obtained in this study, both Cunningham & Magee (1988) and Schoeman et
al. (1993) obtained high positive direct maternal effects for the Simrnentaler. Being a dual-purpose
breed it is known that Simmentaler dams are superior in milk production compared to Hereford
dams (Cunningham & Magee, 1988; Jenkins & Ferrell, 1992; Schoeman et al., 1993). In analysing
part of the same dataset, Chapter 5 illustrated that the maternal breeding values for WW increased
linearly with an increase in Simrnentaler proportion in later generations.
Arthur et al. (1994) evaluated Brahman and Hereford cattle and their crosses on high, medium and
low quality pastures and found that the Brahman maternal additive effect, compared to the
Hereford, was negative on the high and medium quality pastures, and highly positive and
significant in the low quality pastures. This clearly illustrated the re-ranking of breeds for
crossbreeding parameters in differing environments. Likewise, the positive maternal additive effect
of Afrikaner and the non-significant effect of Simrnentaler on WW of calves in this study may be
an indication of a relatively unfavourable nutritional environment in this herd. High stocking rates
with high nutritional requirements of the Simrnentaler may partly explain the reason for the high
positive maternal effects of the Afrikaner versus the non-significant direct maternal effect of the
Simrnentaler and the contradiction with other studies (Schoeman et al., 1993). The Afrikaner
should therefore be considered as an appropriate dam line for this specific environment in
crossbreeding.
2.3.4 Individual heterotic effects
2.3.4.1 Birth weight
Individual heterotic effects for BW were significant (P 5 0.01) in H x S and S x A only (Table 2.4).
The individual heterosis contributions for H x S and S x A were 3.5 and 11.0%, respectively.
Schoeman et al. (1993) obtained a larger and significant heterosis component for the H x A (5.3%)
cross, while in the H x S (1.6%) and S x A (0.05%) crosses it was non-significant. In beef cattle
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direct heterosis effects generally range from 1 to 11% for BW, with values for Bas indicus x Bas
taurus at the upper end of the scale (Long, 1980; Cundiff et al., 1986; Arthur et al., 1999). The
percentage heterosis obtained in this study is thus within the range of reported literature values.
Franke (1994) reported in a study from crosses among Angus, Brahman, Charolais and Hereford
breeds that the direct heterotic effect from Brahman combinations for BW increased over other
breed combinations.
2.3.4.2 Weaning weight
Individual heterotic effects for WW were all significant (P :s;; 0.05; P s 0.01) (Table 2.4). The
heterosis contributions for H x A, H x Sand S x A were 9.8, 3.1 and 6.7%, respectively. The
heterotic effects obtained by Schoeman et al. (1993) were also significant (P :s;; 0.01) for all three
breed combinations and were 11.0% for H x S, 10.1% for H x A, and only 3.1% for S x A. In beef
cattle, direct heterosis effects generally range from 3 to 16% for WW, with values for Bas indicus x
Bos taurus at the upper end of the scale (Long, 1980; Cundiff et al., 1986; Arthur et al., 1999). The
percentage heterosis obtained in this study is thus within the range of reported literature values.
Large heterotic effects are thought to be due to the extreme diversity in the development of Bas
indicus and Bos taurus breeds (Roberson et al., 1986). Franke (1994) reported, from crosses made
between Angus, Brahman, Charolais and Hereford breeds, that the direct heterotic effect from
Brahman combinations for WW increased over other breed combinations. A comparative study by
Hetzel (1988) reported that crosses between indigenous breeds and exotic Bas taurus or Brahman
did not improve maternal performance above the most productive indigenous breeds. However, the
growth rate of progeny was increased. Thus, crossbreeding programmes using the superior
indigenous breeds as dams and exotic Bas taurus as terminal sire breeds are recommended where
controlled mating is feasible. In this study, the H x A and S x A combinations seem to be more
favourable than the H x S combination, supporting previous evidence that more heterosis is
generated when crossing large exotic sires to indigenous dams.
2.3.5 Maternal heterotic effects
Maternal heterotic effects refer to the heterosis in a population attributable to using crossbred dams
instead of purebred dams (increased milk production, improved prenatal environment and fertility).
This effect is probably the result of increased environmental advantage of the progeny from
crossbred dams because of the increased milk production and prenatal environment provided by the
crossbred cow (McDonald & Turner, 1972; Sheridan, 1981; Schoeman et al., 1993). In most
studies these estimates are positive which indicates that calves of crossbred dams have a better
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maternal environment to express their growth potential (Arthur et al., 1999).
2.3.5.1 Birth weight
Maternal heterotic effects for BW were non-significant (P ~ 0.05) for all of the 3 estimates (Table
2.4). McDonald & Turner (1972) reported that non-significant or negative maternal heterosis for
BW reflects an advantage of the crossbred dam, especially when mated to sires known to produce
large calves at birth. Therefore, crossbred cows in this study did not provide a stronger in utero
environment effect to increase the probability of dystocia as it is affected by calf birth weight.
Studies of McDonald & Turner (1972), Dillard et al. (1980), Sacco et al. (1989), Van Zyl (1990)
and Arthur et al. (1994, 1999) are in general agreement with the existence of non-significant
maternal heterotic effects for BW. In most investigations (Cundiff et aI., 1974; Roberson et aI.,
1986; Dearborn et al., 1987; Elzo et al., 1990; Schoeman et al., 1993) significant maternal heterotic
effects for BW have been reported.
2.3.5.2 Weaning weight
Maternal heterotic effects for WW were non-significant (P ~ 0.05) for all of the 3 estimates (Table
2.4). These results are in contrast with estimates obtained by Dillard et dl. (1980), Peacock et al.
(1981), Roberson et al. (1986), Dearborn et al. (1987), Schoeman et al. (1993) and Arthur et al.
(1994) who all reported significant maternal heterosis effects for WW. However, non-significant
maternal heterosis effects for WW involving crosses between Hereford and Brahman were also
reported by Arthur et al. (1999) in a temperate environment. The non-significant values of WW
may be also explained by a possible unfavourable environment where the performance of the
crossbred dam could not be expressed to its full potential. Lamb et al. (1992) reported that purebred
dams require less energy than crossbred cows and thus a reduction in performance (milk
production) may be expected when energy availability is limited. According to Schoeman (1999) a
high level of nutrition and management is sometimes needed before the higher potential in
crossbred cows can be fully utilised.
Investigations of Peacock et al. (1981) showed (although the values obtained were much higher and
significant) that the maternal heterotic effect was the largest for Angus-Brahman, intermediate for
the Charolais-Brahman and lowest for the Angus-Charolais crosses. It confirms the theoretical
expectation of greater heterosis in more genetic diverse breed types (especially for Bas taurus x
Bos indicus) (Cundiff et al., 1974; Koger et al., 1975; Moyo et al., 1996). Although not significant,
this tendency was also present in this study.
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Table 2.4. Crossbreeding component estimates (± SD) for BW and WW
Component BW ww
Traits (kg)
General mean 33.20 ± 0.24**
Additive genetic
Hereford (H)
Afrikaner (A)
Simmentaler (S)
-0.96 ± 0.29**
-2.65 ± 0.41 **
3.61 ± 0.32**
Individual heterosis
HxA
HxS
SxA
1.35 ± 0.72
1.16±0.45**
3.62 ± 0.62**
Maternal additive
Hereford
Afrikaner
Simmentaler
-0.35 ± 0.35
2.75 ± 0.53**
-2.40 ± 0.38**
Maternal heterosis
HxA
Hx S
SxA
0.40 ± 0.39
-0.30 ± 0.45
-0.51 ± 0.43
181.08 ± 0.08**
-7.05 ± 1.77**
-15.04 ± 2.46**
22.09 ± 1.99**
17.82 ± 4.48**
5.65 ± 2.71 *
12.07 ± 3.75**
-5.16 ± 2.17*
8.44 ± 3.20**
-3.28 ± 2.31
3.75 ± 2.37
0.31 ± 2.74
2.06 ± 2.80
* p ::: 0.05, **p ::: 0.01
2.4 Conclusions
The means of all crossbred types exceeded those of the purebred means, except the purebred
Simmentalers which had the highest WW and thus were the highest weaner producers. Within the
crossbred groups, those having high Simmentaler proportions, were also the highest producers. Due
to the high positive breed additive contributions for WW of Simmentaler (12.2%) and the high LS
Means for WW of 205.4 kg, purebred Simmentaler breeding seems to be the best breeding practice
for this environment. The breed maternal effects of the Afrikaner was in this study superior to the
exotic Bas taurus breeds within this specific environment, suggesting a possible genotype x
environmental interaction when compared to other environments. In this study the H x A and S x A
combinations seem to be more favourable than the H x S combination, supporting previous
evidence that more heterosis is generated when crossing large exotic sires to indigenous dams. It
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might furthermore be suggested that crossbred dams did not provide the expected maternal
superiority and thus a higher nutritional level and improved management is possibly needed in this
herd to utilise the higher potential of crossbred dams and to utilise crossbreeding to its full
potential. The re-ranking of crossbred mating types and genotypes versus purebreds might occur if
other traits e.g. fertility, cow efficiency, total weaning weight of calves weaned etc., thus composite
traits, were included in this investigation.
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CHAPTER3
THE AFRIKANER
3.1 Introduction
The Afrikaner is a native beef breed of the Republic of South Africa that has been developed over
many years. This breed originated from cattle owned by the Hottentots and was initially developed
as draft animals by the Dutch settlers but were subsequently developed as a beef breed which is
used in either straight or crossbreeding (Payne, 1973). In 1998 the Afrikaner Breed Society
membership was 114 with 10518 registered females (Hofmeyer, 1999).
According to the literature, Bas taurus cattle have a submetacentric Y chromosome and Bas indicus
has an acrocentric Y chromosome. The Afrikaner was initially classified as Bas indicus because of
its morphological characteristics, but the presence of a submetacentric Y chromosome was
confirmed in the Afrikaner, Drakensberger, Bonsmara and Nguni, and suggested a more accurately
classification as Bos taurus africanus (Meyer, 1984; Stranzinger et al., 1987). The Afrikaner was
used to develop the Bonsmara C/g Afrikaner, 3/16 Shorthorn, 3/16 Hereford), Sanganer (Y2 Afrikaner x
Y2 Nguni), Huguenot (Afrikaner x Charolais) and Afrigus (Afrikaner x Angus) and contributed to
the development of the Drakensberger in South Africa (Payne, 1973; Payne & Hodges, 1997; Anon,
1999). The Belmont Red (Yl Afrikaner, 1/4 Hereford, 1/4 Shorthorn) was developed in Australia
(Seifert & Rudder, 1984; Payne & Hodges, 1997).
Animals which are adapted to subtropical climatic conditions are endowed with resistance against
intense radiation, high temperatures, parasites, they can make the most efficient use of the variable
feed conditions typical of the semi-arid tropics and can be economically productive under these
conditions (Bonsma, 1949). Bonsma (1944) demonstrated that Afrikaner cattle and Afrikaner x
exotic breed crosses were more resistant to Amblyomma hebraeum and heartwater than imported
exotic breeds. In a mixed population of Afrikaner, Afrikaner x exotic breed and exotic breeds,
21.8% of the total number of ticks counted through naturally infestation, were found on the
purebred Afrikaner, while 27.5% of the total number ofticks counted were found on the Afrikaner x
exotic breed crosses and 50.7% of the total number of ticks counted were found on the exotic
breeds. The smooth coat and skin thickness apparently play an important role in the tick-repellent
capacity of the Afrikaner. Afrikaner cattle have a yellow or red coat with a dark hide which is an
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ideal combination to render an animal resistance to the temperature and intense radiation of the heat
and short-wave rays. Other characteristics of the Afrikaner are that they are well adapted to
extensive conditions. They have low maintenance requirements owing to their smaller size - 100
Afrikaner cows with calves can thrive on the same pasture area as 80 large framed cows with calves.
They have a quiet temperament with good meat quality traits and can be early marketed off the veld
and in feedlots (Studbook, anonymous).
Over many years the Afrikaner has become popular in crossbreeding systems and composite breed
development. Despite this, there is still a lack of scientific evidence of the role of the Afrikaner in
various production environments. The objective of this study was to determine the effect of
different levels of Afrikaner breeding in a multibreed beef cattle herd in a relatively intensive but
high stocking rate environment and to obtain the desired proportion of Afrikaner for preweaning
traits therein. Data form this herd is also compared to crossbreeding results of the Mara
crossbreeding project, Vaalhartz project and Neudamm project.
3.2 Material and Methods
3.2.1 Data
Data was obtained from a large (approximately 2500-3000 breeding females) multibreed composite
beef cattle herd of the Johannesburg Metropolitan Council and consisted of 52628 calf birth and
weaning weight records collected from 1968 to 1993. The herd is kept on two different farms on an
intensive management system (Paterson, 1978, 1981; Paterson et al., 1980; MacGregor, 1997).
Females were all artificially inseminated using the same sires across the farms.
Breed development started in 1962 with the first initial crosses and was terminated in 1981. Other
breeds were also included in 1982 to a small degree. Schoeman & Jordaan (1998) in an earlier paper
as well as Chapter 5 described the breeds used in this crossbreeding project. The number of sires
used was 362 with an average of 199 calves per sire which varied from 1 to 1612 per sire. The
number of dam weight records was 6239 and was only recorded since 1989. The number of dams
with calf weaning weights recorded was 15539, with an average of 3.4 calves per dam that varied
from 1 to 14 calves. Afrikaner sire contribution and Afrikaner dam contribution (excluding all zero
Afrikaner proportions) are presented in Table 3.1 and Table 3.2, respectively. Purebred Afrikaner
sires were only used in 1969, 1972, 1973 and 1976. It should be noted from Table 3.2 that no
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Table 3.1 The number of sires with Afrikaner contribution (pure and crossbred) used per year per varying level of Afrikaner proportion
Year
68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 Total
0.008 1 1 2
0.016 1 1 2 3 1 8
0.031 1 1 2 1 1 3 2 4 4 4 3 5 6 2 39
0.047 1 2 1 3 7
0.063 2 2 2 4 1 5 2 5 6 5 2 3 6 4 4 4 2 59
0.070 1 1 2 4
0.078 1 2 1 1 2 7
0.086 1 1 2
0.094 1 1 1 1 1 1 2 2 10
0.125 2 2 2 2 6 4 5 2 1 3 5 3 6 1 1 4 3 2 54
0.141 1 1 2
0.156 1 1 1 3
0.188 1 2 2 1 6
0.250 1 2 4 6 2 7 5 2 1 3 2 35
0.313 1 1
0.375 1 1
0.500 1 1 2 1 5
1.000 2 2 1 2 7
2 3 3 7 9 9 11 13 9 11 6 11 10 15 15 13 14 14 17 13 20 18 9 252
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Table 3.2. The number of dams calved, with Afrikaner contribution per varying level of Afrikaner proportion per year
Year
c
68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 Total
0.008 2 1 2 5 5 8 23
0.023 1 1 1 5 1 2 1: 12
0.039 4 10 2 2 3 1 1 1 24
0.055 1 3 2 2 2 1 2 13
0.063 2 4 40 61 90 130 161 153 331 352 271 273 292 327 232 192 139 102 94 54 3300
0.070 7 8 1 7 2 10 5 11 51
0.078 1 12 10 20 23 47 40 29 26 24 23 18 273
0.086 1 1 2
0.094 7 6 43 44 32 43 82 95 56 56 43 27 22 13 569
0.102 1 8 9 3 5 2 2 1 2 33
0.109 1 9 10 8 12 9 8 10 5 72
0.125 33 59 136 184 274 337 325 425 436 405 409 375 282 230 238 211 158 119 97 78 25 19 4855
0.133 2 1 3 1 1 1 9
0.141 1 1 3 4 7 9 11 4 7 4 5 5 4 65
0.156 1 8 8 17 19 11 14 27 33 9 11 7 6 7 1 179
0.164 1 1
0.188 2 6 8 22 33 24 39 38 28 31 28 27 16 14 7 4 5 1 333
0.203 1 2 2 2 1 1 9
0.250 10 212 343 447 581 555 541 512 472 393 380 315 273 158 160 118 77 65 52 46 67 37 55 14 1 5884
0.281 2 1 5 4 4 4 3 23
0.297 1 1
0.313 6 6 2 3 6 5 11 10 6 7 6 5 1 1 1 1 1 78
0.328 1 1 1 1 1 5
0.344 1 1 2
0.375 1 2 2 3 11 16 14 8 6 5 4 3 2 3 2 1 1 1 1 1 87
0.406 2 1 1 1 1 1 1 8
0.500 874 942 742 558 557 482 360 255 161 110 91 66 36 29 18 8 4 2 1 4 4 5 3 5312
0.531 1 1 1 1 1 1 1 1 8
0.563 2 1 3
0.625 1 5 4 3 2 3 1 1 1 21
0.750 1 1 1 3
874 952 954 901 1038 1123 1056 992 1003 1006 930 1047 1014 912 1044 1031 776 715 814 855 585 538 397 332 223 146 21258
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purebred Afrikaner dams were used. Maximum Afrikaner proportion in the dams was only 75% C/4
Afrikaner) of which only three were available. Dam ages ranged from 2 to 16 years. Due to the
small number of cows older than 10 years, they were pooled with the 10-year-old group. The
number of animals in the pedigree file was 57078.
Birth weight (BW) and weaning weight (WW) of the calf and dam weight at the time of weaning of
her calf (DW) were recorded. From WW and DW cow efficiency indices (CE) (WW/CW075 x 100)
were calculated.
Heifer calves were inseminated to calve for the first time at approximately two years of age. The
majority of calves were born during June to September (winter), while the rest were born during
December through March (summer). Season of birth was thus recorded as summer or winter born.
Calves were weighted after birth and at weaning at approximately 210 days of age.
The proportion of Afrikaner, with the individual contribution of other breeds ignored, was fitted to
the models. Due to the small number of observations in some groups, certain groups were pooled
together (e.g. 7/'6 to 9/'6 were pooled with Y2 Afrikaner). There were 15 genetic groups with varying
proportion of Afrikaner. The total number of calves recorded per proportion of Afrikaner is
presented in Table 3.3 for BW and WW and in Table 3.4 for CE. The majority of calves for BW and
WW therefore were either '/4' Ijs, '/'6"/32//32 or '/64 of Afrikaner contribution. Large numbers of
records for CE were available for '/64, \2 or '/32 of Afrikaner contribution while the rest had only a
few records.
Table 3.3. The total number of calves (n) recorded per level of Afrikaner proportion (%) for BW and WW
Proportion of Afrikaner (%)
1.6 3.1 6.3 9.4 12.5 15.6 18.8 21.9 25.0 31.3 37.5 50.0 56.3 62.5 75.0
n 2289 4954 6493 1707 6347 530 565 95 5533 163 159 718 13 36 12
Table 3.4. The total number of calves (n) recorded per level of Afrikaner proportion (%) for CE
Proportion of Afrikaner (%)
1.6 3.1 6.3 9.4 12.5 15.6 18.8 21.9 25 31.3
n 1258 1706 1282 409 224 79 13 1 15 3
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3.2.2 Statistical Analysis
Data was analysed using the VCE 4.2.5 package of Groeneveld (1994; 1997) and Groeneveld &
Garcia-Cortés (1998) fitting the following model:
where
y a vector of observations
b a vector of fixed effects
X a known incidence matrix relating observations to the fixed effects
Z1 and Z2 = known incidence matrices relating elements of a and m to y
a a random vector of direct additive genetic effects
m a random vector of maternal additive genetic effects
e a random vector of residual errors.
Only unitrait models were fitted to the data. These models accounted for direct heritability (h2a),
maternal heritability (h2.J and the genetic correlation between direct and maternal effects (raJ and
were subsequently used to predict individual breeding values of each animal for each trait. The
model fitted to each trait and trait means are presented in Table 3.5.
Table 3.5. Statistical models for unitrait analyses of birth weight (BW) and weaning weight (WW)
of the calf and cow efficiency (CE) calculated as WW/cow weight":" at calf weaning x 100
Effects Type Number of Traits
levels BW WW CE
Year Fixed 26(6) X X X
Farm Fixed 2(2) X X X
Afrikaner proportion Fixed 16( 11) X X X
Sex of calf Fixed 3(3) X X X
Season of birth Fixed 2(2) X X X
Dam age Covariate 1(1 ) X X X
Weaning age of calf Covariate 1(1 ) X X
Maternal Animal 57078(57078) X X X
Animal Animal 57078(57078) X X X
Means ± SD 35.5 ± 207.3 ± 212.0 ±
5.2 38.5 32.5
( ) number of levels for CE
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Both individual direct and maternal breeding values were predicted and mean breeding values per
group subsequently regressed on proportion of Afrikaner breeding. Similarly, Best Linear Unbiased
Estimates (BLUE) for each trait was also estimated and regressed on proportion of Afrikaner
breeding. Linear regressions were :fitted, excluding those animals with no Afrikaner contribution.
3.3 Results and Discussion
3.3.1 Variation in breed composition of the herd
The Afrikaner contribution to the calves born between 1989 and 1993 was only 4.3%. Individual
contributions of the other breeds were reported in Chapter 5. The composition of individual calves
born varied from 0 to 75% Afrikaner. The proportion of Afrikaner contribution per year of calves
born and Afrikaner proportion variance are presented in Figure 3.1. The contribution of Afrikaner
decreased from 1968 to 1993. Of the calves born in 1969, 1972 and 1974 the contribution of
Afrikaner showed increases due to the use of sires with high Afrikaner composition of 37.5, 50 and
100%. The breed proportion variance declined from 1968 to 1988 and was stable and low between
1988 to 1993. Equilibrium is not reached at this point in time since both parents and calf did not have
the same proportion of Afrikaner genes yet.
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Figure 3.1 Changes in mean Afrikaner contribution (%) and variance in proportion of Afrikaner per
year.
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3.3.2 Birth weight
Direct heritability for BW (h", = 0.67) as is presented in Table 3.6 is considerably higher than those
reported by Mohiuddin (1993), Koots et al. (1994a) and Mostert et al. (1998). Both Mackinnon et
al. (1991) and Tawah et al. (1993) reported (Table 3.6) direct heritabilities for BW which
correspond closely to those obtained in this study. The direct heritability for BW was larger than the
maternal heritability. This trend is common in beef cattle and is verified in Table 3.6. The negative
correlation (ram= -0.35) is in agreement with the mean values in the reviews of Mohiuddin (1993)
and Koots et al. (1994b). Reasons for the fairly high heritability and the high negative genetic
correlation between maternal and direct effects will be discussed in more detail in Chapter 4.
Table 3.6. Published estimates of heritabilities and correlations for beef cattle
BW WW Breeds References
h2 h2 ram h2 h2 rama m a m
0.61 0.11 0.01 0.20 0.32 0.00 AX,AXBX Mackinnon et al. (1991)
0.30 0.10 -0.35 0.22 0.13 -0.15 various Mohiuddin (1993)*
0.65 0.22 -0.93 0.29 0.27 -0.39 composite Tawah et al. (1993)
0.31 0.14 -0.35 0.24 0.13 -0.16 various Koots et al. (1994a; 1994b)*
0.55 0.08 0.14 0.37 0.06 0.13 composite Bennett & Gregory (1996)
0.52 0.07 -0.57 0.23 0.13 -0.26 Afrikaner Groeneveld et al. (1998)
0.39 0.11 -0.51 0.24 0.13 -0.63 various Mostert et al. (1998)*
0.51 0.09 0.17 0.33 0.13 -0.11 composite Tosh et al. (1999)
0.67 0.22 -0.32 0.53 0.36 -0.52 composite This study
* mean estimates
AX = 50% Afrikaner, 25% Hereford, 25% Shorthorn
AXBX =25% Brahman, 25% Afrikaner, 25% Hereford, 25% Shorthorn
Regressions of BLUE's and direct and maternal breeding values on proportion of Afrikaner for BW
are presented in Figures 3.2 (a to c), respectively. BW was influenced by proportion of Afrikaner
(Fig. 3.2a). Both the mean BLUE's (Fig. 3.2a) and the mean maternal breeding values (Fig. 3.2c)
decreased linearly between 1.6 to 37.5% Afrikaner proportion and increased linearly between 37.5
to 75% Afrikaner proportion. The mean high BLUE values and mean maternal breeding values
between 37.5 to 75% Afrikaner proportion were unexpected. However, in total only 718 (or 2.4%),
13 and 36 of the calves born were 50, 56.3 and 62.5% Afrikaner, respectively. Of those 72% (or
518), 100% (or 13) and 77.8% (or 28) were 50,56.3 and 62.5% Afrikaner, respectively, combined
with differing contributions of Charolais, Brown Swiss and Simmentaler. Thus, the high BLUE's
and maternal breeding values between 37.5 to 75% Afrikaner proportion may partly be explained by
the high contribution of differing proportions of Charolais, Brown Swiss and Simmentaler all of
which are relative large breeds compared to the Afrikaner.
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Mean direct breeding values (Fig. 3.2b) increased and reached a maximum value at 0.11 proportion
of Afrikaner, after which it declined again. The direct breeding value of Afrikaner on BW is
important because it can have a mayor influence on calving ease, indicating that less calving
difficulties would be expected with an increase in the proportion of Afrikaner. In Chapter 2, when
dealing with another subset of the same data, a negative (P ::s; 0.01) direct additive effect was
obtained for the Afrikaner of 8.0% of the mean. Van Zyl (1990) also illustrated the influence of
percentage Afrikaner breeding in the calf on BW, where BW declined at a faster rate with an
increase in proportion of Afrikaner in Simmentaler x Afrikaner crossbreeding than in Hereford x
Afrikaner crossbreeding. Analysing the data from the same Mara crossbreeding project, Schoeman
et al. (1993) indicated that the use of the large-framed European Simmentaler as one parent in a
crossbreeding system with Afrikaner or Hereford would increase birth weight.
A negative maternal breeding value for BW reflects the potential of the dam or the bull's female
progeny to limit the growth of the fetus within her uterus. In analysing part of the same dataset
(Chapter 2) when comparing Simmentaler, Hereford and Afrikaner cattle, a significant (P
::s; 0.01) positive direct maternal effect of 8.3% of the mean was observed for the Afrikaner. Both
Mentz (1977) and Els (1988) concluded that the use of Charolais sires on Afrikaner dams lead to
extremely high BW and dystocia problems. Due to the increased BW and associated increase in the
frequency of dystocia with high proportions of Charolais, Simmentaler and Brown Swiss it is
apparent that the choice of a breed for the production of Afrikaner crossbred calves is of utmost
importance. Higher levels of Afrikaner in crossbreeding or composite populations are thus
recommended in preventing increased calving difficulties.
Various crossbreeding investigations (Mentz, 1977; Els, 1988; Schoeman et al., 1993 and others)
were carried out with the Afrikaner as dam combined with different breeds of sires. Mentz (1977)
concluded that the sire effect had a large influence on BW. In his study Simmentaler and Hereford
sires produced F I-calves (Table 3.7) which were significant heavier by 10.7% and 6.4%,
respectively, than purebred Afrikaners. Hereford x Afrikaner (7.7%) and Simmentaler x Afrikaner
(6.9%) calves showed a higher frequency for dystocia than the purebred Afrikaner calves (3.0%).
The weighted mean BW of Afrikaner calves in the first three studies carried out by of Mentz (1977),
Els (1988) and Schoeman et al. (1993) (Tabel 3.7) was 33.2 kg, with those of Hereford x Afrikaner
and Simmentaler x Afrikaner calves were on average 5.2% and 9.8%, respectively heavier than
Afrikaner calves. Els (1988) compared BW between Bonsmara and Afrikaner dams which were
mated to Brahman, Charolais, Hereford and Simmentaler sires and found that the sire effect had a
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bigger influence on Afrikaner dams than on Bonsmara dams. Mentz (1977) obtained between
Afrikaner dams large variation in calving difficulties of which as high as 19% of first-calving heifers
experienced calving difficulties. Els (1988) obtained similar results for first-calving heifers, but only
2.1% of the older Afrikaner cows experienced calving difficulties and concluded that the Afrikaner is
a late maturing beef breed. Both Mentz (1977) and Els (1988) found that the cal£ldarn weight ratio
had a large influence on dystocia and that Afrikaner cows that experienced calving difficulties had
above average ca1t7cowweight ratios at birth.
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Table 3.7. Published LS-Means of birth weight (BW) in Afrikaner, Afrikaner x
Hereford and Afrikaner x Simmentaler crossbred groups
Breed n BW Year References
AxA 227 32.8 1967-1971 Vaalhartz crossbreeding project
HxA 117 34.9 (Mentz, 1977)
SxA 170 36.3
AxA 41 34.5 1976-1980 Vaalhartz crossbreeding project
HxA 31 36.7 (Els, 1988)
SxA 32 39.6
AxA 504 33.3 1972-1984 Mara crossbreeding project
HxA 43 37.5 (Schoeman et a/., 1993)
SxA 90 38.2
SxA 300 35.7 1968-1982 Johannesburg Metropolitan Council
SxH 450 35.8 This study
HxA 63 32.4
HxS 33 33.7
A- Afnkaner, H- Hereford, S-Slmmentaler
1 Breed of sire is identified by first symbol in crosses
3.3.3 Weaning weight
The direct heritability for WW (hZa = 0.53) was considerably higher than the corresponding
estimates reported in Table 3.6. The direct heritability for WW was larger than the maternal
heritability (hZa = 0.36). This is common in beef cattle for WW. The negative correlation between
direct and maternal heritabilities (ram= -0.52) tends to be higher than those reported in Tabel 3.6,
except for the mean ramestimate of -0.63 obtained by Mostert et al. (1998) for five beef cattle breeds
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in South Africa. Reasons for the fairly high heritability and the high negative genetic correlation
between maternal and direct effects will be discussed in more detail in Chapter 4.
Regressions of BLUE's and direct and maternal breeding values on proportion of Afrikaner for WW
are presented in Figures 3.3 (a to c), respectively. WW was negatively influenced by proportion of
Afrikaner (Fig. 3.3a). Both the mean BLUE's (Fig. 3.3a) and mean direct breeding values (Fig.
3.4b) decreased linearly with increasing Afrikaner proportion, while maternal breeding values for
WW were not affected by proportion of Afrikaner (Fig. 3.3c).
In Chapter 2 the direct additive effect for WW was also found negative (P::; 0.01) for the Afrikaner
and deviate by 8.3% from the mean while the direct maternal effect was significant (P
::; 0.0 I) and positive (4.7%).
Various crossbreeding investigations (Sievers, 1965; Mentz, 1977; Els, 1988; Schoeman et al., 1993
and others) with Simmentaler and Hereford sires mated to Afrikaner dams were carried out in the
past. In the investigation carried out by Schoeman et al. (1993) at the Mara Research Station, the
Simmentaler maternal ability tends to exceed that of both Afrikaner and Hereford, while Afrikaner
maternal ability was superior to that of the Hereford for ww. The use of Afrikaner sires depressed
WW whereas Simmentaler sires had a pronounced improving effect thereon (Schoeman et al. 1993).
The study of Sievers (1965) (Tabel 3.8) showed that Hereford crosses were significantly heavier
than purebred Afrikaner (11.6%) and Simmentaler crosses (8.1%), respectively. The difference
between purebred Afrikaner and Simmentaler crosses was only 5.9 kg and non-significant. It
should, however, be noted that in the Neudamm project only one Hereford sire, one Simmentaler
sire and four Afrikaner sires were used. The LS Means of WW for S x A and H x A were virtually
identical (Tabel 3.8) in the study of Schoeman et al. (1993) and also in this study. The weighted
mean ww of Afrikaner calves from the first four studies was 186 kg, with those of Hereford x
Afrikaner and Simmentaler x Afrikaner calves being 3.3% and 5.6% heavier, respectively. Els
(1988) compared WW between Bonsmara and Afrikaner dams which were crossbred to Brahman,
Charolais, Hereford and Simmentaler sires, and found that the crossbred calves from Afrikaner
dams do not differ much, possibly due to a restricting effect of the Afrikaner as darn breed. Van Zyl
et al. (1992) illustrated that the optimum percentage of Afrikaner breeding in the crossbred dam
which was mated to either Simmentaler or Hereford sires was 37.8% or 50%, respectively. ww
increased from purebred Hereford or Simmentaler sires with increasing Afrikaner proportion to
37.5% with the Simmentaler or to 50% with the Hereford, but declined at higher proportions of
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Afrikaner breeding suggesting that 37.5 to 50% proportion of Afrikaner in the dams are superior to
other contributions.
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Table 3.8. Published LS-Means of weaning weight (WW) in Afrikaner,
Afrikaner x Hereford and Afrikaner x Simmentaler crossbred groups
Breed n WW Year References
AxA 58 168.2 1956-1958 Neudamm crossbreeding project*
HxA 71 187.7 (Sievers, 1965)
SxA 60 173.6
AxA 227 175.5 1967-1971 Vaalhartz crossbreeding project
HxA 117 193.0 (Mentz, 1977)
SxA 170 199.0
AxA 41 184.0 1976-1980 Vaalhartz crossbreeding project
HxA 31 195.0 (Els, 1988)
SxA 32 209.8
AxA 504 193.9 1972-1984 Mara crossbreeding project
HxA 43 220.7 (Schoeman et aI., 1993)
SxA 90 220.4
SxA 300 192.2 1968-1982 Johannesburg Metropolitan Council
SxH 450 191.7 This study
HxA 63 178.3
HxS 33 181.4
A- Afnkaner, H= Hereford, S=Slmmentaler
•ww at 8 months of age
1 Breed of sire is identified by first symbol in crosses
3.3.4 Cow efficiency
The direct heritability for CE (Tabel 3.9) was considerably lower (h2a = 0.19) than the maternal
heritability (h2m = 0.58). Schoeman & Jordaan (1999) obtained direct heritabilities for CE which
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varied from 0.32 to 0.54 on a subset of the same data when analysing the (co)variance components
for growth and efficiency traits. The high ramfor CE (ram= -0.62) resulted in a low total heritability
(h\ = 0.12) for CE. No other comparable estimates were found in the literature for this trait.
Table 3.9. Direct additive (h2a) and maternal heritability (h'm)and genetic correlations between
direct and maternal effects (ram)for cow efficiency (CE) of the dam
CE 0.19 0.579 -0.619
Trait Estimates
Regressions of BLUE's and direct and maternal breeding values on proportion of Afrikaner for CE
are presented in Figures 3.4 (a to c). Direct breeding values for CE (Fig. 3.4b) increased and reached
a maximum value at 0.39 proportion of Afrikaner, after which it declined again. Maternal breeding
values for CE (Fig. 3.4c) decreased and reached a minimum value at 0.40 proportion of Afrikaner,
after which it increased again. The regression of maternal breeding value on proportion of Afrikaner
breeding is almost the reverse of the regression of direct breeding values on proportion of Afrikaner
contribution. This phenomenon does most likely not express a true antagonism between direct and
maternal breedig values with increasing proportions of Afrikaner, but may be a reflection of the
high negative correlation (ram= -0.62) obtained between direct and maternal effects, most likely
caused by environmentally induced negative covariances as was suggested by Meyer (1992b).
BLUE's for CE between 1.6% and 31.3% Afrikaner proportion were not affected by proportion of
Afrikaner (Fig. 3.4a). This may be owing to the positive direct and negative maternal breeding
values which cancels each other. The low values at 0.22 and high value at 0.25 proportion of
Afrikaner were most likely the result of a small number of observations in these two categories (1
and 15, respectively). The increase in direct breeding values for CE up to 0.39 proportion of
Afrikaner, taking the decline in direct breeding values for WW into account, is also somewhat
unexpected owing to the part-whole relationship between WW and CE. It should also be noted that
the number of observations for CE was much less than for WW (Tables 3.3 and 3.4).
Both Mentz (1977) and Els (1988) investigated differences in WW ratio (calfWW/cow weight after
calving) as a measure of efficiency. Mentz (1977) showed that purebred Afrikaners and Hereford
crossbred cows were the least efficient, while Els (1988) found them to be superior. The poorer
performances reported by Mentz (1977) may be due to the inclusion of first-calving heifers. Cows
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with 50% or more Simmentaler breeding (Mentz, 1977; Els, 1988) and cows with 50% or more
Afrikaner breeding (Els, 1988) had the highest WW ratios.
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3.4 Conclusions
Over many years Afrikaner cattle played an important role in crossbreeding in South Africa and was
evaluated in a number of crossbreeding projects. Most of the results obtained from this study
supported evidence from previous investigations. In general, a decrease in direct breeding values for
both BW and WW were obtained with increased proportions of Afrikaner when crossbred to
Hereford and Simmentaler. Relative to the Afrikaner, direct effects of large framed beef breeds have
positive effects on BW. The use of such breeds as sires should be considered with caution, since the
use of such sires on Afrikaner dams could lead to high BW and dystocia problems. Weaning weight
decreased with increasing proportions of Afrikaner, while the maternal effect on WW was either
negligible or slightly positive. The direct opposite trends between the direct breeding value and
maternal breeding value for CE may be the direct result of the extremely high negative correlation
between the direct and maternal effects, which could be environmentally induced and biased. The
direct breeding values for CE increased and reached a maximum value at 0.39 proportion of
Afrikaner. The maternal breeding values for BW decreased linearly between 1.6 to 37.5% Afrikaner
proportion and increased linearly between 37.5 to 75% Afrikaner proportion. The maternal breeding
values for CE decreased and reached a minimum value at 0.40 proportion of Afrikaner. It should be
noted that there were only a few records for certain groups of Afrikaner proportions, especially for
CE and due to the imbalanced nature of breed combinations the results may be biased.
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CHAPTER4
THE HEREFORD
4.1 Introduction
The wide variety of cattle types in the world suggests the possibility of creating certain breed
combinations, e.g. in the development of composite breeds, to increase and improve the production
in commercial beef cattle.
Combining different breeds in order to create a "new breed" provides an excellent opportunity to
exploit breed complementarity (breed additive differences) and heterosis for a variety of traits. It
also provides, through judicious selection of breeds the opportunity to optimise additive genetic
composition for composite superiority, incorporating climatic adaptability and performance traits
into a "new breed" that is in harmony with the production environment and market requirements
(Lin, 1996). Synthetic breeds are mostly intermediate to parental breeds for some individual
contributing traits but superior for composite traits. In practice complementarity is often used in
combing growth potential of rapidly growing breeds with the adaptive characteristics of another
breed. The large number of composites or synthetic breeds, e.g. Bonsmara, Santa Gertrudis and
Braford is the result of exploiting complementarity in practice (Schoeman, 1999).
In addition to the production of large amounts of heterosis and the exploitation of breed
complemetarity, the development of composites also offers: consistency of performance, produce
their own replacements and are easy to manage once the composite population is stabilised and
established (Newman & Coffey, 1999).
The aim of this study was to assess the contribution of the Hereford breed in a multibreed beef cattle
herd in an intensive production but high stocking rate environment and to obtain the desired
proportion of Hereford breeding for individual pre-weaning growth related traits therein. The
Simmentaler made the greatest contribution followed by the Hereford which made the second
greatest contribution to the creation of this composite population.
Stellenbosch University http://scholar.sun.ac.za
37
4.2 Materials and Methods
4.2.1 Data
Management, replacement and selection procedures of the herd were described in more detail by
Paterson (1978, 1981), Paterson et al. (1980) and MacGregor (1997). Breed development started in
1962 with the first initial crosses and was terminated in 1981. Other breeds were also included in
1982 to a small degree. Schoeman & Jordaan (1998) in an earlier paper as well as Chapter 5
described the breeds used in this crossbreeding project.
The data from both the Northern Farm and the Olifantsvlei farm consisted of 52628 calf birth and
weaning weight records collected from 1968 to 1993. The number of dam weight records was 6239
and was only recorded since 1989. The number of sires used was 362 with an average of 199 calves
per sire which varied from 1 to 1612 per sire. Hereford contribution in both sires and dams varied
from 7.8 to 100%. Purebred Hereford sires were only used from 1968 to 1981. The number of dams
with calf weaning weights recorded was 15539, with an average of 3.4 calves per dam that varied
from 1 to 14 calves. The number of animals in the pedigree file was 57078.
Birth weight (BW) and weaning weight (WW) of the calf and dam weight at the time of weaning of
her calf (DW) were recorded. From WW and DW cow efficiency indices (CE) (WW/DWo75 x 100)
were also calculated.
Dam ages ranged from 2 to 16 years. The small number of cows older than 10 years, they were
pooled with the 10-year-old group. Average age of cows before pooling was 5.37 years and after
pooling it was 5.23 years.
All matings were planned and therefore artificial insemination (using the same sires across the two
farms) was used throughout the cattle herd. Heifer calves were first inseminated to calve at
approximately two years of age. The majority of calves were born in winter (June to September),
while the rest were born during December through March. Season of birth was thus recorded as
either summer born or winter born. Calves were weighed after birth and at weaning at
approximately 210 days of age.
Breed composition, or proportion of different breeds in each animal was calculated from the original
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pedigrees. Females were identified as "Remainder" where the breed was unknown or the breeds
were introduced at a later stage. A total number of 5741 genetic groups were identified when all
breeds and breed combinations were taken into account. Genetic group was not fitted in the models
due to the large number of genetic groups. Itwas also noted by Ahmad & Van der Werf (1999) that
breed group models suffer from inaccuracy if some groups have few observations, as was the case
in this analysis. Instead, proportion of Hereford, with the individual contribution of all other breeds
ignored, was fitted in the model. Due to the small number of observations in some groups, groups
were pooled (e.g. 7/16 to 9/16 were pooled with Y2 Hereford). The total number of genetic calf groups
with varying proportions of Hereford then was 17. The total number of calves recorded per
proportion of Hereford is presented in Table 4.1.
Table 4.1. The total number of calves (n) recorded per level of Afrikaner proportion (%)
Proportion of Hereford (%)
1.6 3.1 6.3 9.4 12.5 15.6 18.8 21.9 25.0 31.3 37.5 50.0 56.3 62.5 75.0 87.5 100.0
n 349 1493 3660 1842 7210 1914 2027 1223 8605 3038 1943 3638 1107 1266 1233 458 459
4.2.2 Statistical Analysis
Data was analysed using the VCE 4.2.5 package of Groeneveld (1994; 1997) and Groeneveld &
Garcia-Cortés (1998) fitting the following model:
where
y a vector of observations
b a vector of fixed effects
X a known incidence matrix relating observations to the fixed effects
ZI and Z2= known incidence matrices relating elements of a and m to y
a a random vector of direct additive genetic effects
m a random vector of maternal additive genetic effects
e a random vector of residual errors.
Only unitrait models were fitted to the data. These models accounted for direct heritability (h2a),
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maternal heritability (h2 J and the genetic correlation between direct and maternal effects (r.J and
were subsequently used to predict individual breeding values of each animal for each trait. The
model fitted to each trait and trait means are presented in Table 4.2.
Both individual direct and maternal breeding values were predicted and mean breeding values per
group subsequently regressed on proportion of Hereford breeding. Similarly, Best Linear Unbiased
Estimates (BLUE) for each trait was also estimated and regressed on proportion of Hereford
breeding. Linear regressions were fitted, excluding those animals with no Hereford contribution.
Table 4.2. Statistical models for unitrait analyses of birth weight (BW) and weaning weight (WW)
of the calf and cow efficiency (CE) calculated as WW/cow weight? 75 at calf weaning x 100
Effects Type Number of Traits
levels BW WW CE
Year Fixed 26(6) X X X
Farm Fixed 2(2) X X X
Hereford proportion Fixed 18(16) X X X
Sex of calf Fixed 3(3) X X X
Season of birth Fixed 2(2) X X X
Damage Covariate 1(1) X X X
Weaning age of calf Covariate 1(1) X X
Maternal Animal 57078(57078) X X X
Animal Animal 57078(57078) X X X
Means ± SD 35.5 ± 207.3 ± 212.0 ±
6.0 38.5 32.5
( ) number of levels for CE
4.3 Results and Discussion
4.3.1 Heritabilities and genetic correlations
Heritability estimates and the correlations between direct and maternal genetic effects for BW, WW
and CE are presented in Table 4.3. In general, direct heritabilities tend to be higher than those
reported in other studies. However, all estimates correspond very closely to those obtained in
Chapters 3 and 5, on the same datasets, when analysing the influence of Afrikaner and Simmentaler
contribution, respectively. The direct heritability for BW (lr', = 0.67) is considerably higher than the
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mean estimates of 0.39 obtained by Mostert et al. (1998) for five beef cattle breeds in South Africa,
as well as those reported by Mohiuddin (1993) and Koots et al. (1994a) (0.30 and 0.31) in their
respective reviews. The same, although to a smaller degree applied to WW, where the direct
heritability was 0.52. Mohiuddin (1993) and Koots et al. (1994a) obtained mean h', values ofO.22
and 0.24, respectively, for the same trait which corresponds closely to the mean value of 0.24
obtained by Mostert et al. (1998). The direct heritability for CE was considerably lower (h', = 0.21).
No comparable estimates were found in the literature for this trait.
Table 4.3. Direct (h2a) and maternal heritability (h2m)and genetic correlations between direct and
maternal effects (ra~ for birth weight (BW) and weaning weight (WW) of the calf and cow
efficiency (CE) of the darn
Traits Estimates
h2 h2m rama
BW 0.665 0.219 -0.322
WW 0.522 0.361 -0.535
CE 0.213 0.601 -0.641
Direct heritabilities were larger than maternal estimates for calf weights. This is common in beef
cattle for preweaning growth traits. For CE, maternal heritabilities were larger than direct
heritabilities. The fairly high heritabilities, arising from large genetic variances due to the
multibreed composition of the herd could have been expected, since the population consists of
several breeds (15 breeds), and this effect was not accounted for by the model. Rodriguez-Almeida
et al. (1995) reported quite variable estimates in different herd-line combinations. They suggested
that the variable estimates might be to the inclusion of non-additive genetic variances. Similarly, a
dominance effect was not fitted in the model, and being a crossbred population, dominance could be
a possible contributor to the higher and possibly biased estimates. Bennett & Gregory (1996) and
Tosh et al. (1999) also reported for composite populations heritability estimates for early growth
traits which were larger than literature means. When using a subset of the same data and including a
sire genotype x dam genotype interaction, Schoeman et al. (2000) obtained substantially reduced
estimates of both direct and maternal heritabilities.
Correlations between direct and maternal genetic effects were negative for all three traits. The
correlation was the lowest for BW (ram= -0.32) and the highest for CE (ram= -0.64). This resulted in
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a low total heritability (h2 T = 0.12). These negative estimates are common in beef cattle preweaning
growth traits. In the review of Koots et al. (1994b) mean estimates of -0.27 and -0.30 were reported
for BW and WW, respectively, while Meyer (1992a) reported estimates which varied from 0.55 to -
0.51 for BW and from 0.25 to -0.72 for WW. The majority of estimates were, however, negative for
both traits. For CE no comparable estimates were found in the literature. These large negative
correlations, as were reported in numerous studies (Baker, 1980; Cantet et al., 1988; Meyer, 1992a),
between direct and maternal effects, may according to Meyer (1992b), be due to management
practices or environmentally induced negative dam-offspring covariances or selective reporting of
data (Mallinckrodt et al., 1995) or sire x year interactions (Robinson, 1996) and do not always
reflect true adverse genetic relationships between growth and maternal performance. The latter may
probably be a reason for the high covariance between direct and maternal effects for CE related to
early calving of heifers.
4.3.2 Variation in breed composition of the herd
The breeds making the largest contribution to the population were the Angus, Bonsmara, Charolais,
Hereford and Simmentaler. Individual contributions were reported in Chapter 5. The Hereford made
the second largest contribution (19.3%) to the calves born between 1989 and 1993.
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Figure 4.1 Changes in mean Hereford contribution (%) and variance in proportion of Hereford per
year.
The composition of individual calves born varied from 0 to 100% Hereford. The proportion of
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Hereford contribution per year of calves born and Hereford proportion variance are presented in
Figure 4.l. The contribution of Hereford decreased from 1968 to 1993. In 1980, 1985, 1986, 1991
and 1992 there were increases in the contribution of the Hereford. This was due to the use of some
of the older sires with relatively high Hereford composition. The Hereford composition of the sires
used in those years was 50, 53.2, 56.3, 62.5 and 100%. The breed proportion variance was relatively
stable between 1968 and 1981, but declined rapidly thereafter as the herd became more uniform in
composition for Hereford. The reasons for the sharp drop in 1982 were two-fold. Firstly as a result
of the termination of the conventional crossbreeding systems and the use of crossbred sires and
secondly, as a result of the introduction of other breeds. Equilibrium is not reached at this point of
time since equilibrium could only be attained when both parents and calf have the same proportion
of Hereford genes. However, in 1993 the variance as far as Hereford contribution is concerned, was
low.
4.3.3 Effect of Hereford contribution
4.3.3.1 Birth weight
Regressions of BLUE's and direct and maternal breeding values on proportion of Hereford for BW
are presented in Figures 4.2 (a to c), respectively. BW was influenced by proportion of Hereford
(Fig. 4.2a). It increased and reached a maximum value at 0.47 proportion of Hereford, after which it
declines again. The maximum phenotypic value at an intermediate level of proportion of Hereford is
surprising and not obvious. It may partly be explained by the heterotic effect which is expected to
be maximum at intermediate levels of Hereford contribution, since the non-additive genetic effect
was not accounted for in the model. Relative high contributions of Afrikaner, Angus and Bonsmara
at low Hereford proportion could also be a reason for the lower birth weights at low Hereford
proportion. Mean direct breeding values (Fig. 4.2b) and maternal breeding values (Fig. 4.2c)
decreased linearly with increasing Hereford proportion. The low average breeding values at 75%
Hereford versus the high average breeding values at 87.5% Hereford contribution is not obvious. A
total of 3.0% (or 1233) calves consisted of 75% Hereford. Of those 525 (or 42.6%) were 75%
Hereford combined with differing contributions of Brown Swiss, Charolais and Simmentaler. In
total 1.1 percent (or 458) of calves born were 87.5% Hereford. Of those 250 (or 54.6%) were 87.5%
Hereford combined with differing contributions of Brown Swiss, Charolais and Simmentaler, all of
which are relatively large breeds compared to the Hereford. These large differences in breeding
values could therefore not be explained by differences in Hereford x British versus Hereford x
Continental breed contributions which one would have expected.
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In other studies, the direct additive effect for the Hereford was positive in some investigations
(Gregory et al., 1978; Dillard et al., 1980; Roberson et al., 1986; Cunningham & Magee, 1988;
Schoeman et al., 1993), while it was negative in others (Alenda et al., 1980; Franke, 1994),
depending on the breeds it was compared with. In analysing part of the same dataset, in Chapter 2,
when comparing Hereford, Simmentaler and Afrikaner cattle, a significant (P ~ 0.01) negative direct
effect was obtained for the Hereford. The direct breeding value of Hereford on BW is important
because it can have a major influence on calving ease, indicating that less calving difficulties would
be expected with an increase in the proportion of Hereford. Van Zyl (1990) illustrated that BW
declined at a faster rate with an increase in proportion of Afrikaner in Simmentaler x Afrikaner
crossbreeding than in Hereford x Afrikaner crossbreeding. The maternal breeding value for birth
weight reflects the potential of the dam or the bull's female progeny to limit the growth of the fetus
within her uterus. Some investigations showed positive direct maternal effects for the Hereford
(Alenda et al., 1980; Dillard et al., 1980; Cunningham & Magee, 1988; Schoeman et al., 1993;
Arthur et al., 1994; Franke, 1994), while others showed negative direct maternal effects (Gregory et
al., 1978; Chapter 2), depending on the breeds it was compared with. Higher levels of Hereford in
crossbreeding or composite populations are recommended in preventing increased calving difficulties
ifit is a problem.
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4.3.3.2 Weaning weight
Regressions of BLUE's and direct and maternal breeding values on proportion of Hereford for WW
are presented in Figures 4.3 (a to c), respectively. WW was influenced by proportion of Hereford
(Fig. 4.3a). It increased and reached a maximum value at 0.13 proportion of Hereford, after which it
declines again. Both mean direct breeding values (Fig. 4.3b) and maternal breeding values (Fig.
4.3c) decreased linearly with increasing Hereford proportion. As for BW, the mean maternal
breeding value of 87.5% Hereford was unexpectedly high. Although reasons for this are not
obvious, it may also be related to the unbalanced nature of breed combinations in the dataset.
In other studies, the direct additive effect was positive in some investigations (Dillard et al., 1980;
Cunningham & Magee, 1988; Franke, 1994), while it was negative in others (Gregory et al., 1978;
Alenda et al., 1980; MacNeil et al., 1982; Franke, 1994; Chapter 2). In this study, the direct
breeding value for WW are negatively associated with proportion of Hereford, most likely because
of the large contribution of large frame-sized breeds such as the Simmentaler, Brown Swiss and
Charolais to the composition of the herd (Chapter 5). In earlier reports (Schoeman et al., 1993) it
was found that the large negative maternal effect overrides a positive direct effect, thus leading to
the decreased WW with increasing proportion of Hereford, despite a positive direct effect in these
studies. Both chapters 2 and 5, analysing parts of the same dataset, indicated a relative unfavourable
environment in which the herd is managed. Relative to the other breeds in the composite, increasing
Hereford contribution decreased the genetic potential of the composite. The maternal breeding value
of WW, which predicts the milk production of an animal and also reflects the milking ability of the
animal's daughters (Bradfield & Erasmus, 1999), showing in Fig. 4.3(c) a decrease in WW breeding
values with an increase in Hereford contribution. It is also suggested that the Hereford is a low milk
producing breed (Jenkins & Ferrell, 1992). In some investigations the direct maternal effect for the
Hereford was positive (Dillard et al., 1980; Koch et al., 1985; Cunningham & Magee, 1988; Arthur
et al., 1994), while it was negative in others (Gregory et al., 1978; Alenda et al., 1980; Schoeman et
al., 1993; Franke, 1994; Chapter 2). Both Meyer (1992a) and Schoeman et al. (1993) associated the
low WW in Hereford calves to the low milk production of the Hereford dam. The results in this
study clearly illustrated a decrease in performance levels and breeding values with increasing
Hereford contribution. It indicated that no desired optimal Hereford proportion was evident in this
multibreed beef cattle herd within this specific environment.
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4.3.3.3 Cow efficiency
Regressions of BLUE's and direct and maternal breeding values on proportion of Hereford for CE
are presented in Figures 4.4 (a to c), respectively. BLUE's for CE was influenced by proportion of
Hereford (Fig. 4.4a) which decreased linearly with increasing Hereford proportion. Contrary to that,
mean direct breeding values (Fig. 4.4b) increased almost linearly with increasing Hereford
proportion. The increase in direct breeding values for CE, taking the decline in direct breeding values
for WW into account, is also somewhat unexpected owing to the part-whole relationship between
WW and CE. It should, however, be noted that the number of observations for CE was much less
than for WW. Mean maternal breeding values (Fig. 4.4c) decreased and reached minimum value at
0.62 proportion of Hereford, after which it increased again. As for BW and WW, the mean maternal
direct breeding value of 87.5% Hereford was unexpectedly high. Although reasons for this are not
obvious, it may also be related to the unbalanced nature of breed combinations in the dataset and
partly due to the high mean maternal breeding value for WW of the 87.5% Hereford calves and the
lower mean DW of the 75% Hereford cows with differing contributions of medium-framed breeds
like Bonsmara, Angus, Afrikaner and South Devon.
Stellenbosch University http://scholar.sun.ac.za
48
...
-0.5 • ......... ....
-1.5
\
iii -2.5 .. .....
:::I •_.~ -3.5 ••>-
(,,)
-4.5c
.l!! '.'(,,):e -5.5
W Y= -6.3362x - 0.8295lt -6.50 R2 = 0.37610 .'
-7.5 .. .'....
-8.5
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Proportion of Hereford
Figure 4.4(a) Regression of BLUE for cow efficiency on proportion of Hereford breeding.
2.0
1.5
>- 1.0o
C
GI'u 0.5
lE
W
~ 0.0
0
0
-0.5>m..
-1.0(,,)
GI...
ëi -1.5
-2.0
-2.5
0
..•.....'
---.--.-.-------, ..
y = 0.8007Ln(x) + 1.1756
R2 = 0.8911
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Proportion of Hereford
Figure 4.3(b) Regression of direct breeding value for cow efficiency on proportion of Hereford
breeding.
Stellenbosch University http://scholar.sun.ac.za
49
6.5 • ••
5.5
>-u
s:::: 4.5GI
ti
y = 15.145x2 -18.733x + 4.7963lE 3.5
W •• R2= 0.423~ 2.5
0
0 1.5>
ID ~ I
0.5 tI~s::::
Lo -0.5 .:S~ 0·-- -. _.-::IE ·1.5
-2.5 •••
-3.5
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.6 0.9
Proportion of Hereford
Figure 4.2(c) Regression of maternal breeding value for cow efficiency on proportion of Hereford
breeding.
3.4 Conclusions
Estimates of additive and maternal genetic variances may be biased and overestimated due to the
inclusion of selected base animals from different breeds. This problem may be solved through genetic
grouping or the inclusion of a sire genotype x dam genotype interaction. High negative genetic
correlations between direct and maternal effects may be environmentally induced. These results
clearly illustrated a decrease in direct breeding values for BW and WW but an increase for CE with
increasing Hereford contribution. Maternal breeding values for BW and WW decreased with an
increase in Hereford proportion. In general, high contributions of Hereford do not seem to be of any
advantage in this composite. However, the maternal breeding value for CE reached a minimum value
at 0.62 proportion of Hereford. Reasons for the large negative correlations between direct and
maternal effects, together with the unexpected behaviour of the direct breeding value for WW with
increased Hereford proportion, need further investigation. Other traits of importance such as carcass
traits should also be investigated in further analyses.
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CHAPTERS
THE SIMMENTALER
5.1 Introduction
Composite breed development is a topic of major importance for the genetic improvement of beef
cattle. It provides a simple way to use both breed additive differences (direct and maternal) and
heterosis for a variety of traits. The main objective of creating a composite or synthetic population
is to combine desirable and sometimes divergent characteristics from different breeds into one
population. It eliminates some of the major constraints in conventional crossbreeding and is
relatively simple to manage (Schoeman, 1999).
In order to be able to create an optimal combination between a number of breeds, genetic effects
(e.g. breed direct additive, maternal additive and heterotic) have to be estimated from various
crosses among a number of breeds. Procedures describing ways of separating these genetic effects
by using linear functions of cross means or multiple regression approaches were applied by Alenda
et al. (1980), Dillard et al. (1980), Robison et al. (1981) and Schoeman et al. (1993). These can
subsequently be used to predict the performance of a series of potential crosses.
The optimal breed composition of a synthetic population for a single trait was determined
empirically by Kinghorn (1980; 1982) and Alenda & Martin (1981). These methods involve testing
a number of crossbred combinations to find the best possible one. Lin (1996) described equations to
optimise breed composition for net merit based on genetic parameters and index selection weights.
These equations were used by Newman et al. (1998) and Hayes et al. (1999) for the prediction of an
optimal Charolais-Brahman composite in a tropical environment using a "mate selection index"
approach (Kinghorn & Shepherd, 1999). However, these approaches become very complicated as
the number of breeds and crossbred groups increases.
The objective of this study was to assess the contribution of the Simmentaler breed in a multibreed
beef cattle herd in an intensive but high stocking rate environment and to obtain the desired
proportion of Simmentaler breeding for individual pre-weaning growth-related traits therein. The
Simmentaler made the greatest contribution to the creation of this synthetic population.
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5.2 Material and Methods
5.2.1 Animals
Data was obtained from the multibreed synthetic beef cattle population of the Johannesburg
Metropolitan Council. The large herd, comprising of approximately 2500 breeding females was kept
on two different farms on an intensive management system (Paterson et al., 1980).
Initial crossbreeding started in 1962 with the first crosses in a conventional crossbreeding
programme, including two and three breed terminal and rotational systems. Ten foundation breeds
were included in the initial crossbreeding programme (viz. Afrikaner, Bonsmara, Brahman, Brown
Swiss, Charolais, Hereford, Holstein, S.A. Angus, Simmentaler and South Devon) and were mated
to Bos taurus crossbred cows of varying types (mostly Afrikaner, Angus and Bonsmara types), a
large percentage of which were purchased from commercial herds. After the original crossbreeding
project was terminated in 1981, composite development started when all crossbred groups were
pooled and selection was based on performance traits such as female reproduction, weaning weight,
postweaning gain and breeding soundness, without taking breed composition into account. The
objective was to eventually reach optimal or desired breed composition through selection. However,
since 1982 other breeds were also introduced to a limited degree. A few sires of Beefrnaster,
Gelbvieh, Limousin, Tauricus and Santa Gertrudis breeds were used. Sire selection was based on
weaning weight and post-weaning gain (Schoeman & Jordaan, 1998). Mating occurred at random
without taking breed composition into account. Close inbreeding was, however, deliberately
avoided by using a relationship matrix that includes all sires and dams.
Females were artificially inseminated using the same sires across the two farms. Heifer calves were
inseminated to calve for the first time at approximately two years of age. Although cows calved
almost throughout the year, the majority of calves were born in winter (June to September), while
the rest were born during December through March. Season of birth was thus recorded as either
"summer born" or "winter born". Out of season calves were excluded from the analysis.
Date of birth was recorded and calves were weighed within two days after birth and again at
weaning at approximately 210 days of age. Dam weight at weaning was also recorded from 1989.
5.2.2 Data description
The data consisted of 52628 calf birth and weaning weight records collected from 1968 to 1993.
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The number of dam weight records was 6239. The number of sires used was 362 with an average of
199 calves per sire which varied from 1 to 1612 per sire. The number of darns with calf weaning
weights recorded was 15539, with an average of 3.4 calves per darn that varied from one to 14
calves. The number of animals in the pedigree file was 57078.
Birth weight (BW) and weaning weight (WW) of the calf and darn weight at the time of weaning of
her calf (DW) were recorded. From WW and DW cow efficiency indices (CE) (WW/DW75 x 100)
were also calculated.
Dam ages ranged from 2 to 16 years. The small number of cows older than 10 years, were pooled
with the 10-year-old group. Average age of cows before pooling was 5.37 years and after pooling
5.23 years.
Breed composition, or proportion of different breeds in each animal was calculated from the original
pedigrees. In the case of females where breed was unknown, and breeds introduced at a later stage,
they were identified as "Remainder". The total number of genetic groups, taking all breeds and
breed combinations into account was 5741. Genetic group was not fitted in the models owing to the
large number of groups. It was also noted by Ahmad & Van der Werf (1999) that breed group
models suffer from inaccuracy if some groups have few observations, as was the case in this
analysis. Proportion of Simmentaler was fitted in the model and the individual contribution of all
other breeds was ignored. Some groups were pooled due to a small number of observations e.g. 7/16
to 9/16 were pooled with Yl Simmentaler. There were 16 genetic groups with varying proportions of
Sirnrnentaler.
5.2.3 Statistical analysis
Data was analysed using the VCE 4.2.5 package of Groeneveld (1994; 1997) and Groeneveld &
Garcia-Cortés (1998) fitting the following model:
where
y a vector of observations
b a vector of fixed effects
X a known incidence matrix relating observations to the fixed effects
Stellenbosch University http://scholar.sun.ac.za
53
Z} and Z2 = known incidence matrices relating elements of a and m to y
a a random vector of direct additive genetic effects
m a random vector of maternal additive genetic effects
e a random vector of residual errors.
Only unitrait models were fitted to the data. These models accounted for direct heritability (h2a),
maternal heritability (h"nJ and the genetic correlation between direct and maternal effects (raJ and
were subsequently used to predict individual breeding values of each animal for each trait. The
model fitted to each trait and trait means are presented in Table 5.1.
Table 5.1. Statistical models for unitrait analyses of birth weight (BW) and weaning weight (WW)
of the calf and cow efficiency (CE) calculated as WW/cow weight" 75 at calf weaning x 100
Type Number
Effects of Traits
levels BW WW CE
Year Fixed 25 X X X
Farm Fixed 2 X X X
Simmentaler proportion Fixed 16 X X X
Sex of calf Fixed 3 X X X
Season of birth Fixed 2 X X X
Dam age Covariate 1 X X X
Weaning age of calf Covariate 1 X X
Maternal Animal 57078 X X X
Animal Animal 57078 X X X
Means ± SD 34.5 ± 207.3 ± 212.0 ±
5.92 38.5 32.51
Both individual direct and maternal breeding values were predicted and mean breeding values per
group subsequently regressed on proportion of Simmentaler breeding. Similarly, Best Linear
Unbiased Estimates (BLUE) for each trait was also estimated and regressed on proportion of
Simmentaler breeding. Linear regressions were fitted, excluding those animals with no Simmentaler
contribution.
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5.3 Results and Discussion
5.3.1 Heritabilities and genetic correlations
Heritability estimates and the correlations between direct and maternal genetic effects for BW, WW
and CE are presented in Table 5.2. In general, direct heritabilities tend to be higher than those
reported in other studies. However, all estimates correspond very closely to those obtained in
Chapters 3 and 4, on the same datasets, when analysing the influence of Afrikaner and Hereford
contribution, respectively. The direct hertability for BW (h2a = 0.66) is considerably higher than the
mean estimates of 0.30 and 0.31 reported by Mohiuddin (1993) and Kaats et al. (1994a) in their
respective reviews, as well as those obtained by Mostert et al. (1998) for five beef cattle breeds in
South Africa. The same, although to a smaller degree applied to WW, where the direct heritability
was 0.53. Mostert et al. (1998) obtained a mean h2a estimated of 0.24 for the same trait which
corresponds closely to the mean values ofO.22 and 0.24 reported by Mohiuddin (1993) and Kaats et
al. (1994a), respectively. The direct heritability for CE was considerably lower (h', = 0.21). No
comparable estimates were found in the literature for this trait. Direct heritabilities were larger than
maternal estimates for calf weights. This is common in beef cattle for preweaning growth traits. For
CE, maternal heritabilities were larger than direct heritabilities. Correlations between direct and
maternal genetic effects were negative for all three traits. As is expected, it was lowest for BW (ram
= -0.32) and highest for CE (ram= -0.63) indicating that it would be difficult to improve CE through
selection. This resulted in a low total heritability (h2T = 0.14). Reasons for the fairly high heritability
and the high negative correlation between maternal and direct effects have already been discussed in
more detail in Chapter 4.
Table 5.2. Direct (h2a) and maternal heritability (h2ru) and genetic correlations between direct and
maternal effects (raru)for birth weight (BW) and weaning weight (WW) of the calf and cow
efficiency (CE) of the dam
Traits Estimates
h2 h2 rama m
BW 0.663 0.219 -0.322
WW 0.527 0.359 -0.529
CE 0.206 0.593 -0.629
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5.3.2 Variation in breed composition of the herd
In total 15 breeds contributed to the composition of the herd. For all calves born between 1989 and
1993, the contributions of individual breeds are presented in Table 5.3. Of the individual breeds,
Simmentaler made the greatest contribution (33.4%), followed by Hereford (19.3%), while the
contributions of other breeds were relatively small, with only the Angus, Bonsmara and Charolais
having contributions of more than 8%.
Table 5.3. Breed composition of herd and composition variance of calves born between 1989 and
1993
Breed
Afrikaner Angus Bonsmara Brown Charolais Holstein Hereford Sirnmentaler South Remainder
Swiss Devon
Contribution
(%) 4.30 8.37 8.14 1.47 8.05 0.95 19.30 33.40 3.42 12.60
Variance
(x 10.3) 1.4 4.5 13.8 0.6 6.9 0.3 19.5 19.0 4.0 25.7
The proportion of Simmentaler contribution per year of calves born and Simmentaler proportion
variance are presented in Figure 5.1. The contribution of Simmentaler increased from 1968 to 1980,
but was more or less stable during the rest of the period. The composition of individual animals
varied from 0 to 96.9% (or 31/32) Simmentaler. In earlier years (1968 to 1971) maximum percentage
of Simmentaler was 75%, which resulted from backerossing Simmentaler with Y2 Simmentaler
crossbred cows in the three-breed rotational crossbreeding systems. The breed proportion variance
was relatively stable between 1968 and 1984, but declined rapidly thereafter as the herd became
more uniform in composition for Simmentaler. The reasons for the sharp drop in 1982 were two-
fold. Firstly as a result of the termination of the conventional crossbreeding systems and the use of
crossbred sires and secondly owing to the introduction of other breeds. However, it should be noted
that equilibrium could only be attained when both parents and calf have the same proportion of
Simrnentaler genes. This is not reached at this point of time.
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Figure 5.1 Changes in mean Simmentaler contribution (%) and variance in proportion Simmentaler
per year.
5.3.3 Effect of Simmentaier contribution
5.3.3.1 Birth weight
Regressions of BLUE's and direct and maternal breeding values on proportion of Simmentaler for
BW are presented in Figures 5.2 (a to c). BW was influenced by proportion of Simmentaler and
increased with increasing Simmentaler contribution (Fig. 5.2a). Likewise, maternal breeding values
increased almost linearly with increasing Simmentaler proportions (Fig. 5.2c), while mean direct
breeding values decreased with increasing Simmentaler proportion (Fig. 5.2b). Although reasons for
this unexpected decline are not obvious, it may be related to the contribution of other breeds such as
the Charolais and Limousin at low Simmentaler proportion levels. The low average breeding value at
~ Simmentaler contribution is also not obvious. In total 20.6 percent (or 10851) of calves born were
~ Simmentaler. Of those 7286 (or 67.2%) were ~ Simmentaler combined with differing
contributions of Afrikaner, Angus, Bonsmara, Hereford and South Devon, all of which are relatively
small breeds compared to the Simmentaler, thus leading to low direct breeding values for the ~
Simmentaler. This may partly explain the low average breeding value at J;2 Simmentaler proportion.
In several crossbreeding studies positive direct effects were reported for Simmentaler (Cunningham
& Magee, 1988; Schoeman et al., 1993). In Chapter 2, analysing part of the same dataset when
comparing Simmentaler, Hereford and Afrikaner cattle, a positive direct effect and a negative
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maternal effect both significant (P ::;0.01) for BW of 10.9 and 7.2%, respectively, of the mean were
observed for the Simmentaler. In other studies an increase in Simmentaler contribution also resulted
in an increased BW (Aaron & Thrift, 1982; Lawlor et al., 1984), which in tum was associated with
an increase in calving difficulties and a decrease in calf survival rate (Lawlor et al., 1984). Also, in
straight breeding operations the Simmentaler is known for high mortality rates, especially in early
breeding systems (Van der Merwe & Schoeman, 1995). Van Zyl (1990) found that BW declined at a
faster rate with an increase in proportion of Afrikaner in Simmentaler x Afrikaner crossbreeding than
in Hereford x Afrikaner crossbreeding. Analysing the data from the same crossbreeding project,
Schoeman et al. (1993) obtained negative direct maternal effects for the Simmentaler, but large
positive direct additive effects. High levels of Simmentaler in crossbreeding or synthetic populations
are therefore not recommended.
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5.3.3.2 Weaning weight
Regressions of BLUE's and direct and maternal breeding values on proportion of Simmentaler for
WW are presented in Figures 5.3 (a to c), respectively. WW increased linearly with an increase in
Simmentaler proportion (Fig. 5.3a). This is in contrast with the general decrease in direct breeding
values (Fig. 5.3b) but in accordance with the increase in maternal (Fig. 5.3c) breeding values,
respectively. This contradiction may also be the result of the fairly high, possibly environmentally
induced, negative correlation between direct and maternal effects (Table 5.2) so that maternal
breeding values increased where direct breeding values decreased or vise versa. As for BW, mean
direct breeding values of lh Simmentaler was unexpectedly low. Although reasons for this are not
obvious, it may also be related to the unbalanced nature of breed combinations in the dataset and
especially due to the contribution of late maturing large frame-sized breeds such as the Charolais, as
was discussed earlier. In most other crossbreeding studies (Cunningham & Magee, 1988; Schoeman
et al., 1993), high positive maternal effects of Simmentaler were obtained. When comparing
Simmentaler with Afrikaner and Hereford, Schoeman et al. (1993) obtained positive direct and
maternal effects for Simmentaler of 20.8% and 3.0% of the mean, respectively. In Chapter 2 the
direct effect for WW in a probably less favourable environment was 12.2% and significant (P s
0.01). Average WW of Simmentaler cattle taking part in the National Beef Cattle Performance
Testing Scheme is approximately 35 kg (or 17.4%) higher than the predicted WW of purebred
Simmentaler in this herd, suggesting that the environment in which the herd is managed is relatively
unfavourable (Schoeman, 1996).
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5.3.3.3 Cow efficiency
Regressions of BLUE's and direct and maternal breeding values on proportion of Simmentaler for
CE are presented in Figures 504 (a to c), respectively. Direct breeding values (Fig. 5Ab) and maternal
breeding values (Fig. 5Ac) both increased with an increase in proportion of Simmentaler. Despite
these increased breeding values, BLUE's for CE were not affected by proportion of Simmentaler
(Fig. 5Aa). The metabolic size of the dam therefore increased at the same rate as WW with an
increase in Sirnmentaler proportion. The increase in direct breeding values for CE, taking the decline
in direct breeding values for WW into account, is also somewhat unexpected owing to the part-
whole relationship between WW and CE. It should, however, be noted that the number of
observations for CE was much less than for WW.
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5.4 Conclusions
Estimates of additive and maternal genetic variances may be biased due to the inclusion of selected
base animals from different breeds. Genetic grouping may solve this problem. High negative
genetic correlations between direct and maternal effects may be environmentally induced. These
results show a decrease in direct breeding values for BW and WW but an increase for CE with
increasing Simmentaler contribution. Maternal breeding values for BW, WW and CE increased with
an increase in Simmentaler proportion. In order to be able to obtain a more comprehensive picture
of the relative contribution of the Simmentaler, it should be evaluated in context with the individual
contributions of the other contributing breeds. Their role should also be investigated. Reasons for
the large negative correlations between the direct and maternal effects, together with the unexpected
behaviour of direct and maternal breeding values for BW and WW with increased Simmentaler
proportion need further investigation. Other traits of importance should also be investigated.
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CHAPTER6
GENERAL CONCLUSIONS
An assessment of was made the contributions of the Afrikaner, Hereford and Simmentaler in
composite breed development in beef cattle for birth weight (BW), weaning weight (WW) and cow
efficiency (CE), managed in a relatively intensive but high stocking rate environment.
In the initial crossbreeding phase genetic and crossbreeding parameters for the Afrikaner, Hereford
and Simmentaler were estimated. From this study it was clear that purebred Simmentaler breeding
appears to be the best breeding practice for this environment, due to the high positive breed additive
contributions for WW of Simmentaler (12.2%) and the high LS Means for WW of 205.4 kg. The
high breed direct effect of the Simmentaler also indicates that using this breed as one parent in a
crossbreeding system involving Hereford and Afrikaner will increase both BW and WW. The
Afrikaner's direct maternal effect for BW was positive and higher than those of Hereford and
Simmentaler, respectively, suggesting that Afrikaner dams do not restrict the BW of their calves as
was suggested in previous investigations. The direct maternal effect of the Afrikaner (4.7%) for
WW was in this study superior to the Hereford and Simmentaler dams within this specific
environment, suggesting a possible genotype x environment interaction when compared to other
environments. This study also supports previous evidence that more heterosis is generated when
crossing large exotic sires to indigenous dams since both Hereford x Afrikaner (9.8%) and
Simmentaler x Afrikaner (6.7%) crosses exceeded the Hereford x Simmentaler (3.1%) crosses.
Estimates of maternal heterotic effects for WW were non-significant, suggesting that crossbred
dams did not provide the expected maternal superiority and thus a higher nutritional level and
improved management is possibly needed in this herd to utilise the higher potential of crossbred
dams and to utilise crossbreeding to its full potential. Re-ranking of crossbred mating types and
genotypes versus purebreds, when comparing the Afrikaner, Hereford and Simmentaler, might
occur if other composite traits, e.g. cow efficiency, total weaning weight of calves weaned etc., were
included in this investigation. Unfortunately, some of these were not recorded.
Investigations of the contributions of the Afrikaner, Hereford and Simmentaler dwing composite
development in later generations, respectively, were made. From this investigations fairly high
heritability and high negative correlations between maternal and direct effects were obtained.
Reasons for the high heritability estimates were discussed. It may be biased and overestimated inter
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alia due to the inclusion of selected base animals from different breeds. This problem may be
solved through genetic grouping or the inclusion of a sire genotype x dam genotype interaction.
Likewise, the high negative correlations may be environmentally induced. The direct breeding
values for BW declined with an increase in Afrikaner, Hereford and Simmentaler proportion,
respectively. This may be caused by the contributions of large framed breeds such as the Charolais
and Limousin. Relative to the Afrikaner, direct effects of large framed beef breeds have large
positive effects on BW. The use of such breeds as sires should be considered with caution, since the
use of such sires, especially on Afrikaner and Hereford dams could lead to high BW and dystocia
problems. The maternal breeding values for BW declined linearly with an increase in Hereford
proportion and increased linearly with an increase in Simmentaler proportion. This indicates that
higher levels of Hereford in crossbreeding and composite development could be considered in
preventing increased calving difficulties when it is a problem. However, the decline in the direct
breeding value and the increase in the maternal breeding value for BW with an increase in
Simmentaler proportion are unexpected because most literature studies obtained positive direct
effects and negative maternal effects and therefore do not recommend high levels of Simmentaler
breeding due to the high positive direct effect on BW, thus leading to high BW and dystocia
problems. Although the actual reasons for this contradiction remains unclear, it may also be related
to the contribution of other breeds such as Charolais and Limousin at low Simmentaler proportion
levels.
The direct breeding values for WW, from the multi breed population, illustrated a linear decline with
an increase in Afrikaner, Hereford and Simmentaler proportion, respectively. These results clearly
illustrated that no desired optimal Hereford or Afrikaner proportions were evident in this multibreed
beef cattle herd within this specific environment for WW. The decline in the direct breeding value
with an increase in Simmentaler proportion is also unexpected, since various authors obtained high
positive direct effects for the Simmentaler, which is a large framed-size beef breed. This might be
the result of the fairly high, possibly environmentally induced, negative correlation between direct
and maternal effects causing a reflection image as compared to the maternal breeding value. The
maternal breeding values for WW decreased linearly with an increase in Hereford proportion and
increased linearly with an increase in Simmentaler proportion. The maternal breeding value for the
Afrikaner on WW was not influenced by proportion of Afrikaner. Relative to the other breeds in the
composite, increasing Simmentaler contributions increased the milk production potential of the
composite, while the Afrikaner is intermediate to the Simmentaler and Hereford. It therefore
appears that the advantage of the Simmentaler lies more in the maternal contribution than in the
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direct contribution in the development of this composite. These results therefore suggest that the
Simmentaler is a large-framed maternal line rather than a terminal sire line.
For CE, the regressions of direct breeding values are almost the reverse of the regressions of
maternal breeding values for both the Afrikaner and Hereford, respectively, most likely a reflection
image. This trend may be due to the extremely high negative correlation between the direct and
maternal effects, which could be environmentally induced and biased. Both direct breeding value
and maternal breeding value increased with an increase in Simmentaler proportion. It should,
however, be noted that there were only a few records for certain groups of breed proportions for CE,
especially the Afrikaner, and due to the imbalanced nature of breed combinations the results may be
biased.
In order to be able to obtain a more comprehensive picture of the relative contributions of the
Afrikaner, Hereford and Simmentaler, they should be evaluated in context with the individual
contributions of the other contributing breeds. Their respective roles should therefore also be
investigated.
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